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1.0 INTRODUCTION 


The National Aeronautics and Space Administration (NASA) owns and operates several hundred 
multilayer pressure vessels, some of which are more than fifty years old. While available 
construction records show that generally good design, fabrication, and inspection processes were 
followed, these vessels are “non-Code” vessels and actual records do not exist for many of these 
vessels. In addition, the materials used typically correspond to a proprietary manufacturer’s 
specification, not an ASME or ASTM material grade. Furthermore, due to their age and 
operating history, it is possible that cracks have developed over time and could provide a 
potential failure mechanism during future operation. Therefore, a mechanical characterization of 
these pressure vessel materials is necessary in order to ensure their safe future operation. 

To provide NASA with a suite of materials strength, fracture toughness and crack growth rate 
test results for use in remaining life calculations for the vessels described above, Southwest 
Research Institute* (SwRI®) was contracted in two phases to obtain relevant material property 
data from a representative vessel. An initial characterization of the strength, fracture and fatigue 
crack growth properties was performed in Phase 1. The Phase 1 effort also included a 
fractographic evaluation of an induced flaw that was subjected to cyclic pressure in an attempt 
by Digital Wave Corporation to use modal acoustic emissions to monitor fatigue crack growth. 
Fracture mechanics and fatigue crack growth analyses of this flaw were also perfonned with the 
NASGRO* software using the data generated in the Phase 1 effort to demonstrate the ability to 
perfonn remaining safe service life assessments on similar vessels. 

Based on the results and recommendations of Phase 1, a more extensive material property 
characterization effort was developed in this Phase 2 effort. This Phase 2 characterization 
included additional strength, fracture and fatigue crack growth of the multilayer vessel and head 
materials. In addition, some more limited characterization of the welds and heat affected zones 
(HAZs) were performed. 


9 


2.0 PRESSURE VESSEL AND MATERIALS 


The multilayer pressure vessel provided by NASA was manufactured by AO Smith in 1959 
(serial number MV50466-8) and the name plate is shown in Figure 2-1. The vessel was not 
ASME Code stamped. The vessel was nominally 36.25 inches in outside diameter and 
approximately 7 feet 4 inches long (see Figure 2-2). 

The body of the vessel was constructed from twelve layers (shells), with the inner (first) layer 
3/8-inch thick and the remaining eleven layers each 1/4-inch thick for a total nominal wall 
thickness of 3.125 inches. The shells are fabricated from AO Smith 1146a, a proprietary, non- 
ASME material specification. During Phase 1, the shell material was found to meet the 
requirements of ASTM A-299 and A-225, Grade C (see Table 2-1). 

Successive layers were formed into shells such that the inner diameter closely matched the outer 
diameter of the previous shell. With the exception of the outer-most layer, seam welds were 
ground flush with the shell diameter. The seam welds were staggered from shell to shell and 
seam welds penetrated into the inner shell about 25-30% of the shell thic kn ess (see Figure 2-3). 
All layers but the inner-most contained periodic arrays of weep holes, providing a leak path 
should the inner layer rupture or otherwise develop a leak. 

Monolithic, hemi-spherical heads, nominally 2.5 inches thick, were girth welded to the layered 
vessel body to form the pressure vessel. A cross-section of the head-vessel body interface is 
shown in Figure 2-4. The heads were fabricated from A-225, Gr. B, a standard ASTM material 
(see Table 2-1). 

As described in the Phase 1 report [1], the multilayer AO Smith pressure vessel was sent to SwRI 
and sectioned for material testing using facilities at the SwRI Fabrication Shop in the Structural 
Engineering Department. The Phase 1 effort used only a portion of the vessel material with a 
larger number of additional samples having been excised for the Phase 2 efforts. A considerable 
amount of the vessel heads and shell remain and are being retained in storage at SwRI. These 
remnants could be used to provide additional material for future studies on this type of vessel. 
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Figure 2-1. Nameplate from AO Smith Multilayer Pressure Vessel (MV50466-8) 


Figure 2-2. As-Received Layered Pressure Vessel at SwRI Fabrication Shop 
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Figure 2-3. Outer Layer Seam Weld and Penetration into Inner Layer 



Inner Layer 


12 Shell Layers | 

Figure 2-4. Cross-section of Head-Body Interface 
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Table 2-1. Chemical Composition of Head and Outer Shell Materials [1] 


Material 

Composition, wt.% 

C 

Mn 

P 

s 

Si 

Ni 

Cr 

Mo 

Cu 

V 

Al 

Head 

0.16 

1.40 

0.033 

0.028 

0.20 

0.20 

0.19 

0.02 

0.02 

NM 1 

<0.01 

Outer 

Shell 

0.21 

1.36 

0.025 

0.018 

0.26 

0.53 

0.07 

0.01 

0.04 

NM 1 

0.05 

AISI 

1513 

0.10- 

0.16 

1. 1-1.4 

0.040 

max 

0.050 

max 

— 

— 

— 

— 

— 

— 

— 

AISI 

1522 

0.18- 

0.24 

1. 1-1.4 

0.040 

max 

0.050 

max 

— 

— 

— 

— 

— 

— 

— 

AISI 

1524 

0.19- 

0.25 

1.35- 

1.65 

0.040 

max 

0.050 

max 

— 

— 

— 

— 

— 

— 

— 

ASTM A- 
225 Gr. C 2 

0.25 

max 

1.72 

max 

0.035 

max 

0.035 

max 

0.13- 

0.45 

0.37- 

0.73 

— 

— 

— 

0.11- 

0.20 

— 

ASTM A- 
299 2 

0.28 

max 

0.84- 

1.52 

0.035 

max 

0.035 

max 

0.13- 

0.45 

— 

— 

— 

— 

— 

— 

ASTM A- 
225 Gr. B 3 

0.20 

max 

1.45 

max 

0.04 

max 

0.05 

max 

0.15- 

0.30 





0.09- 

0.14 


AO Smith 
1146a 

0.18- 

0.25 

1.10- 

1.50 

0.04 

max 

0.05 

max 

0.20- 

0.35 

0.40- 

0.70 




0.13- 

0.18 



Not measured 

1999 vintage ASTM specification 
1956 vintage ASTM specification 
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3.0 MATERIAL CHARACTERIZATION AND ANALYSIS 


Based on the results of Phase 1 , a more extensive material property characterization effort was 
developed in this Phase 2 effort. The characterization included strength, fracture and fatigue 
crack growth of the multilayer vessel and head materials. In addition, some more limited 
characterization of the welds and heat affected zones (HAZs) was performed. This section 
provides the material characterization results for the multilayer pressure vessel materials. 

3.1 AO Smith 1146a Shell Material Characterization 

The test matrix for the AO Smith 1 146a shell material characterization is shown in Table 3-1 and 
includes hardness, tensile, Charpy V-notch (CVN), fracture toughness and fatigue crack growth 
(FCG) testing. It should be noted that a test matrix was originally developed with the assumption 
that all shell layers had the same material orientation. However, as testing and characterization 
progressed, it became apparent that the inner and outer shells likely had different orientations. 

Both the inner and outer shells were subjected to a metallurgical polish and light etch in order to 
confirm the rolling (longitudinal) orientation of the shell plate material. The material rolling (L) 
direction of the outer shell was oriented in the longitudinal (L) direction of the vessel while the 
material rolling direction of the inner shell was oriented in the circumferential (C) direction of 
the vessel. 1 

A schematic of the specimen and material orientations is shown in Figure 3-1. Material 
orientations are shown in black while vessel orientations are shown in white. As previously 
noted, there is a difference in orientation of the inner and outer layers of the shell. The CVN, 
toughness and FCG specimens use a standard orientation scheme in which the first designates the 
direction of the applied load and the second designates the direction of crack growth. Using this 
schematic, specimen orientation with respect to the vessel can be mapped to the more relevant 
material orientation. 

The difference in inner and outer shell material orientation was discovered midway through 
execution of the original test matrix and the remaining shell testing was re -prioritized in light of 
this finding. The test matrix shown in Table 3-1 represents the actual test matrix that was 
perfonned. 


1 As appropriate, distinctions between material and pressure vessel orientations are maintained throughout this 
report. Material orientations are relative to the plate directions and correspond to longitudinal (L), transverse (T) 
and short-transverse (ST). Vessel orientations are relative to the pressure vessel and correspond to the vessel 
longitudinal (L), hoop/circumferential (C) and radial (R) directions. 
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(b) Toughness and FCG 

Figure 3-1. Vessel, Material and Specimen Orientations 
(12-layer shell illustrated with 4 layers) 


3. 1. 1 Basic Tensile and Hardness Properties 

Tensile testing was performed according to ASTM E8 [2] on the AO Smith 1 146a outer shell 
material. Tensile specimens were removed from the outer shell in the vessel circumferential (C) 
direction, which is the primary outer shell loading direction. This orientation corresponds to the 
rolling (L) direction of the outer shell. Tensile testing was performed at room temperature (RT) 
in Phase 1 [1] and at -20°F during this Phase 2 effort. 

The results of the tensile testing are presented in Table 3-2 for the 1 146a shell material. By way 
of reference, the tensile properties are compared to data available in a NASA Tech Memo [3]. 
The room-temperature properties of the 1 146a outer shell material are in reasonable agreement 
with the reference data (no reference data was available at -20°F) but demonstrate a slight 
increase in strength and a slight reduction in elongation at failure. While the source of the 
reference material is unclear, testing on both these Phase 1 and 2 activities was performed on 
material extracted from the actual pressure vessel described in Section 2. The slight differences 
in shell properties may be the result of the forming process in creating the multilayered body of 
the vessel. 
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Table 3-1. AO Smith 1146a Shell Material Test Matrix 


Material 

Orientation 

Test 

Notes/Comments 

RT 

0 °F 

■20 °F 

AO Smith 
1146a 
Layered 
Shell 

Outer 

L-T 

(vessel L-C) 

Toughness 

none 

Toughness 

Secondary loading orientation 

T-L 

(vessel C-L) 

Hardness 

Tensile 

CVN 

FCG 

none 

Tensile 

CVN 

Primary loading and weak material 
orientation; some CVN, toughness and 
FCG testing performed in Phase 1 

T-ST 

(vessel L-R) 

— 

— 

— 

Primary loading and weak material 
orientation, but thickness limits testing 

Inner 

L-T 

(vessel C-L) 

Hardness 

CVN 

Toughness 

FCG 

CVN 

CVN 

Toughness 

FCG 

Primary loading orientation 

T-L 

(vessel L-C) 

CVN 

CVN 

CVN 

Weak material orientation but 
secondary loading orientation 

T-ST 

(vessel L-R) 

— 

— 

— 

Primary loading and weak material 
orientation, but thickness limits testing 

Outer 

Seam 

HAZ 

T-L 

(vessel C-L) 

CVN 

CVN 

CVN 

Primary loading and weak material 
orientation 

T-ST 

(vessel C-R) 

— 

— 

— 

Primary loading and weak material 
orientation, but thickness limits testing 

Outer 

Seam 

Weld 

T-L 

(vessel C-L) 

CVN 

CVN 

CVN 

Primary loading and weak material 
orientation 

T-ST 

(vessel C-R) 

— 

— 

— 

Primary loading and weak material 
orientation, but thickness limits testing 


Table 3-2. AO Smith 1146a Outer Shell Tensile Properties 


ID 

Temp 

(°F) 

Yield (ksi) 

UTS (ksi) 

Elongation (%) 

Test 

Ref [3] 

Test 

Ref [3] 

Test 

Ref [3] 

1 

RT* 

86.1 

75.0 

118.7 

101.3 

23.0 

31 

2 

79.3 

119.4 

24.0 

3 

81.3 

119.2 

23.0 

Ave 

82.2 

119.1 

23.3 

1 

-20°F 

89.1 


121.7 


20.0 


2 

92.6 

122.2 

25.0 

3 

91.1 

121.7 

23.0 

Ave 

90.9 

121.9 

22.7 


* From ref [1], 


As previously mentioned, during the course of the shell characterization, unanticipated 
differences in properties were found between the inner and outer shells, which were ultimately 
attributed to differences in material orientation with respect to the vessel. In addition, hardness 
testing was perfonned on both the inner and outer shell. Vickers hardness measurements were 
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performed on the metallurgical samples (in the vessel C-L plane) used to determine shell 
orientation. 

The results of the hardness testing are provided in Table 3-3. The Vickers hardness results 
correspond to relative low hardness - high Rockwell B or very low Rockwell C - but do indicate 
a significant difference in hardness between the inner and outer shells. As hardness is indicative 
of yield strength, it is likely that there is a difference in tensile behavior in the inner and outer 
shells. However, tensile testing was not perfonned on the inner shell material in this program. 

Table 3-3. AO Smith 1146a Inner and Outer Shell Hardness Results 


Material 

Vickers Hardness (HV) 

Test 

Ave 

Layered 

Outer 

255 

265 

271 

271 

264 

265 

Shell 


175 




168 



Inner 

170 

172 



175 




173 



3.1.2 Charpy V-Notch Testing 

Charpy V-notch (CVN) testing was performed in keeping with ASTM E23 [4] on the AO Smith 
1 146a inner and outer shell material. The limited thickness of shells required the use of sub-sized 
CVN specimens in the vessel C-L and L-C orientations"’ . As such, CVN specimens had a 2 -mm 
notch in a 10-mm width but were only 5 nun thick instead of the standard 10-mm thickness. Note 
that sub-sized specimens are not suitable in the vessel L-R orientation as this would result in a 
significant reduction in the un-notched ligament and invalidate results scaling. 

A scaling factor [5, 6] was used to adjust the sub-size CVN data in order to facilitate comparison 
to available CVN values from standard 10-mm x 10-nun specimens. This scaling applies to sub- 
sized specimens of reduced thickness by simply scaling the measured sub-sized CVN energy by 
the ratio of the thickness reduction to the standard 10-mm thickness. However, the thinner 
specimens have reduced notch-tip constraint, which can result in increased CVN energy. As the 
correction does not account for changes in notch-tip constraint, the thickness-corrected CVN 
energy may be an overestimation. 


2 The first direction corresponds to the loading direction and the second indicates the crack growth direction. 

3 The ASME B&PV Code (Section VIII, Div. 3, Article KM-2) allows the use of sub-size CVN specimens when 
material size or shape precludes the use of full-size CVN specimens, and recommends appropriate scaling of results. 
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A summary of the Charpy testing is presented in Table 3-4 for the 1 146a shell material (complete 
CVN results for the shell material are presented in Appendix A). Given the sub-size nature of the 
CVN specimens, the results presented were scaled to represent a standard, full-size Charpy 
specimen. 

As indicated in Figure 3-2, the CVN of the AO Smith 1146a shell material is generally 
independent of temperature between RT and 0°F and shows a drop between 0 and -20°F. It 
should be noted that this testing was not designed to determine the ductile-to-brittle transition 
temperature and it is not clear that these data establish an upper/lower shelf. However, these data 
are consistent with a reported decrease in CVN with temperature between RT and -20°F for the 
1146a material, although a nil-ductility temperature was not reported in the NASA Tech 
Memo [3]. Unfortunately, however, the Tech Memo does not reference specimen orientation, 
which obfuscates comparisons with these results. 
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Figure 3-2. AO Smith 1146a Charpy V-Notch Results 
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Based on the results of the inner shell, there is a significant dependence of CVN on material 
orientation. As expected, CVN is higher in the L-T orientation as crack growth is transverse to 
the rolling direction and principal grain orientation. There also appears to be some difference in 
CVN between the inner and outer shells. Recall that differences in hardness between the inner 
and outer shells were also reported (see Table 3-3), though the connection to CVN is unknown. 


Table 3-4. AO Smith 1146a Shell Charpy V-Notch Results 


Material 

Orientation 

Average CVN (ft-lbs) a 

Notes/Comments 

RT 

0 °F 

-20 °F 

Outer 

L-T 

(vessel L-C) 

not 

tested 

not 

tested 

not 

tested 

Secondary loading; CVN deferred to 
inner shell 

T-L 

(vessel C-L) 

12 

15 b 

not 

tested 

9 

7 b 

Testing only to confirm Phase 1 results 

L-ST 

(vessel L-R) 

... 

... 

... 

Not suitable to sub-size CVN in crack 
growth direction 

Inner 

L-T 

(vessel C-L) 

72 

62 

60 

Primary loading orientation 

T-L 

(vessel L-C) 

28 

30 

28 

Weak material orientation 

T-ST 

(vessel L-R) 

... 

... 

... 

Not suitable to sub-size CVN in crack 
growth direction 

Ref [3] 

unknown 

79 

35 

41 

Reference CVN with unknown specimen 
orientation 


a Average based on three tests 
b Obtained during Phase 1, refer to reference [1] 


CVN testing was also performed on the HAZ and seam weld of the outer shell (see Table 3-5). 
The results in the HAZ are reasonably consistent with those of the base outer shell material (see 
Figure 3-3). The outer seam weld demonstrated significantly increased CVN toughness over the 
outer layer material. 
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Figure 3-3. AO Smith 1146a Seam Weld and HAZ Charpy V-Notch Results 


Table 3-5. AO Smith 1146a Shell Weld Charpy V-Notch Results 


Material 

Orientation 

Average CVN (ft-lbs)* 

Notes/Comments 

RT 

0 °F 

-20 °F 

Seam HAZ 
(outer) 

T-L 

(vessel C-L) 

20 

16 

12 

Weak material and primary loading 
orientation 

L-ST 

(vessel L-R) 

— 

... 

... 

Not suitable to sub-size CVN in crack 
growth direction 

Seam Weld 
(outer) 

vessel C-L 

58 

52 

50 

Primary loading and failure orientation 

vessel C-R 

— 

... 

... 

Not suitable to sub-size CVN in crack 
growth direction 


* Average based on three tests 


3.1.3 Fracture Toughness Testing 

Given the limited thickness of the shell material, determining a valid plane strain toughness was 
deemed unlikely. Initially, a K-R approach per ASTM E561 [7] was attempted to determine the 
plane stress toughness based on the apparent toughness results from Phase 1 [1]. Ultimately, 
however, valid plane stress toughness measurements could not be achieved due to insufficient 
remaining ligament which was not possible to resolve given the limited shell dimensions. As 
such, a limited amount of elastoplastic Ji c toughness testing was performed per ASTM 
E1820 [8]. 
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The results of the fracture toughness testing are summarized in Table 3-6 (complete toughness 
results for the shell material are presented in Appendix A). Unfortunately, not all of the testing 
resulted in meeting the strict validation conditions with ASTM El 820. The violations were 
typically associated with minor deviations in crack front planarity and growth. Thus, while 
strictly invalid, these results are believed to be representative of expected values. 


Table 3-6. AO Smith 1146a Shell Fracture Toughness Results 


Material 

Orientation 

Toughness (ksNin.) 

Notes/Comments 

RT 

-20 °F 

Outer 

L-T 

(vessel L-C) 

149 a ' b 

163 a 


T-L 

(vessel C-L) 

90 c 

86 c 

Invalid K c results from Phase 1. Weak material 
and primary loading orientation. 

T-ST 

(vessel L-R) 

... 

... 

Primary failure orientation but not practical due to 
material limitations. 

Inner 

L-T 

(vessel C-L) 

170 a 

171 ab 

Primary vessel loading orientation. 

T-L 

(vessel L-C) 

not tested 

not tested 

Secondary loading; T-L toughness characterized 
on outer shell 

T-ST 

(vessel L-R) 

... 

... 

Primary failure orientation but not practical due to 
material limitations. 


Notes: 

a. Reported as K = V(J E/(1-u 2 )) with E = 28.3 xIO 6 psi and u = 0.3 

b. Strictly invalid per ASTM El 820 but believed to be representative 

c. Result invalid plane stress toughness per ASTM E561 due to insufficient remaining ligament 

3.1.4 Fatigue Crack Growth Testing 

Fatigue crack growth (FCG) testing was performed per ASTM E647 [9] on the AO Smith 1 146a 
materials. Testing was performed using standard compact tension, C(T), specimens. Phase 2 
FCG testing was designed to target the upper range of the FCG da/dN-AK behavior by testing at 
high AK. The strategy employed for this testing was to perfonn some testing at very high AK, 
which would result in a very limited amount of valid FCG behavior. Other tests were designed to 
start lower on the da/dN-AK curve and develop data up to these higher AK tests. Due to the low 
yield, high toughness nature of the shell material and limited specimen size, it was only possible 
to obtain FCG data up to approximately 50 ksivin. at R = 0.15. A summary of the AO Smith 
1 146a shell material FCG test conditions is shown in Table 3-7. 

Figure 3-4 shows the FCG behavior for the inner shell material in the L-T orientation for each R 
ratio as a function of temperature. Note that the FCG behavior exhibits negligible temperature 
dependence. A comparison of the FCG behavior between the inner shell in the L-T orientation 
and the outer shell in the T-L orientation is shown in Figure 3-5. Only slight differences are 
noted. 

A composite of the AO Smith 1146a shell material FCG behavior is shown in Figure 3-6. The 
minimal R-ratio dependence indicated by these data is typical of most steels. 
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Table 3-7. AO Smith 1146a Shell FCG Testing 


Material 

Orientation 

FCG Testing 

Notes/Comments 

RT 

-20 °F 

Outer 

L-T 

(vessel L-C) 

not tested 

not tested 

L-T FCG behavior from outer shell 

T-L 

(vessel C-L) 

R = 0.7 

not tested 

R = 0.15 at RT performed in Phase 1 

T-ST 

(vessel L-R) 

... 

... 

Primary failure orientation but not practical due to 
material limitations 

Inner 

L-T 

(vessel C-L) 

R = 0.15 
R = 0.7 

R = 0.15 
R = 0.7 

Primary loading and weak material orientation 

T-L 

(vessel L-C) 

not tested 

not tested 

T-L FCG behavior from outer shell 

T-ST 

(vessel L-R) 

... 

... 

Primary failure orientation but not practical due to 
material limitations 
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3.2 A-225, Gr. B Head Characterization 

The test matrix for the A-225 Gr. B head material characterization is shown in Table 3-8 and 
includes tensile, Charpy V-notch (CYN), fracture toughness and fatigue crack growth (FCG) 
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testing. For consistency with the Phase 1 effort, all characterization of the head material was 
limited to the same head. Given the axisymmetric nature of the head, a metallurgical polish and 
light etch was used to determine the rolling direction of the head plate material in order to extract 
specimens with known material orientations. 

The angle between the head rolling direction and girth weld varies around the circumference of 
the head weld. Thus, a region of the head-vessel interface was specifically selected where the 
head rolling direction was parallel to the head girth weld for testing of the head HAZ (refer to 
Figure 3-1). 


Table 3-8. A-225 Gr. B Head Material Test Matrix 



Orientation 

Test 

Notes/Comments 



RT 

0 °F 

-20 °F 



vessel L-C 

CVN 

FCG 

not tested 

CVN 

Phase 1 results but actual 
material orientation unknown 


Base 

Head 

Material 

T-L 

(vessel L-C) 

CVN 

Toughness 

FCG 

CVN 

CVN 

Toughness 

FCG 

Primary loading and weak 
material orientation 



T-ST 

(vessel L-R) 

CVN 

CVN 

CVN 

Primary loading and weak 
material orientation 


Outer 

T-L 

(vessel L-C) 

none 

none 

none 

Characterization focused on inner 
HAZ to minimize material 
constraints 

A-225 
Gr. B 
Head 

HAZ 

T-ST 

(vessel L-R) 

— 

— 

— 

Primary loading orientation but not 
suitable for conventional 
specimens and testing 

Inner 

T-L 

(vessel L-C) 

CVN 

Toughness 

FCG 

CVN 

CVN 

Toughness 

Primary loading and weak 
material orientation 


HAZ 

T-ST 

(vessel L-R) 

— 

— 

— 

Primary loading orientation but not 
suitable for conventional 
specimens and testing 


Weld 

vessel L-C 

CVN 

Toughness 

FCG 

CVN 

CVN 

Toughness 

Primary loading orientation 


vessel L-R 

— 

— 

— 

Primary loading orientation but not 
suitable for conventional 
specimens and testing 


3.2.1 Basic Tensile Properties 

Tensile testing was perfonned according to ASTM E8 [2] on the A-225, Gr. B head material. 
Tensile specimens were removed from the head circumferential (C) direction of the vessel, 
corresponding to the transverse (T) direction of the head material. Tensile testing was performed 
at room temperature (RT) in Phase 1 [1] and at -20°F during this Phase 2 effort. 

The results of the tensile testing are presented in Table 3-9 for the A-225 Gr. B head material. By 
way of reference, the tensile properties are compared to data available in a NASA Tech Memo 
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[3], The room-temperature properties of the head material are in very good agreement with the 
reference data. No reference data was available at -20°F. 


Table 3-9. A-225 Gr. B Head Tensile Properties 


ID 

Temp 

(°F) 

Yield (ksi) 

UTS (ksi) 

Elongation (%) 

Test 

Ref [3] 

Test 

Ref [3] 

Test 

Ref [3] 

1 

RT* 

53.1 

58.4 

80.0 

82.1 

34.0 

34 

2 

51.7 

77.5 

36.0 

3 

52.7 

80.4 

33.0 

Ave 

52.5 

79.3 

34.3 

1 

-20°F 

59.1 


84.1 


34.0 


2 

57.7 

82.7 

34.0 

3 

60.3 

83.6 

37.0 

Ave 

59.0 

83.5 

35.0 


* From ref [1], 

3.2.2 Charpy V-Notch Testing 

Charpy V-notch (CVN) testing was performed in keeping with ASTM E23 [4] on the A-225 
Gr. B head material and the head weld and associated HAZ. Testing was performed in the T-L 
and T-ST orientations, which are the weak material and primary loading orientations. CVN 
testing was only performed in the T-L orientation for the HAZ and the vessel L-C orientation for 
the weld. As CVN specimens for the HAZ and weld span into the layered portion of the vessel 
body, it was not reasonable to test the HAZ and weld with the notch in the radial direction. 

A summary of the CVN results are presented in Table 3-10 for the A-225 Gr. B head material 
(complete CVN results for the head material are presented in Appendix B). Figure 3-7 presents 
the CVN results for the head material in the T-L and T-ST orientations. While some difference is 
noted at 0°F, very little difference is noted at RT and -20°F. 

However, a significant drop in CVN from RT to -20°F is noted in the data. Although this testing 
was not designed to determine the ductile-to-brittle transition temperature, the data suggest that 
the transition temperature might be somewhat above 0°F in the T-L orientation given the 
relatively low CVN toughness at 0 and -20°F. The transition temperature in the T-ST orientation 
appears to be near 0°F as the CVN toughness at 0°F in the T-ST orientation is about mid-way 
between the toughness at RT and -20°F, which, given its especially low toughness, is almost 
certainly on the lower shelf. These results are consistent with the reported decrease in CVN with 
temperature between RT and -20°F. However, the reported nil-ductility temperature of -25°F is 
considerably lower than these data suggest [3]. Unfortunately, the Tech Memo does not 
reference specimen orientation, which obfuscates comparisons with these results. 
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Figure 3-7. A-225 Gr. B Head Charpy V-Notch Results 


Table 3-10. A-225 Gr. B Head Charpy V-Notch Results 


Material 

Orientation 

Average CVN (ft-lbs)* 

Notes/Comments 

RT 

0 °F 

-20 °F 

A-225 
Gr. B 
Head 

T-L 

(vessel L-C) 

90 

17 

10 

Primary loading and weak material 
orientation 

T-ST 

(vessel L-R) 

98 

46 

5 

Primary loading and weak material 
orientation 

Ref [3] 

Unknown 

41 

25 

20 

Reference CVN with unknown 
specimen orientation 


* Average based on three tests 

A summary of the CVN results of the head weld and HAZ are shown in Table 3-11. Note that the 
geometry of the head-shell interface inhibited testing of the outermost portion of the weld and 
HAZ. However, the CVN results of the inner HAZ are very consistent with the base A-225 head 
material (see Figure 3-8). The results of the head weld indicate a significant drop in CVN 
toughness between RT and 0°F and no significant further reduction at -20°F, suggesting that the 
transition temperature may be greater than 0°F. 


28 


120 


100 


80 


£ 

£ 60 


> 


40 


20 


■ 

1 

OHead (T-L) 
O HAZ (T-L) 
A Weld 





O 

- 





8 
i a 





' 





A 

/ 





A 

A 

l 

* f 

) 




c 

i 

1 1 1 

) <• 

i < 

i i i 

T~ 

) 

1 1 1 

1 1 1 

1 1 1 

1 1 1 


-40 -20 0 20 40 60 80 

T (°F) 


Figure 3-8. A-225 Gr. B Head Weld and HAZ Charpy V-Notch Results 


Table 3-11. A-225 Gr. B Head Weld Charpy V-Notch Results 


Material 

Orientation 

Average CVN (ft-lbs)* 

Notes/Comments 

RT 

0 °F 

-20 °F 

Outer HAZ 

T-L 

(vessel L-C) 

... 

... 

... 

Vessel construct inhibits testing in 
this orientation 

T-ST 

(vessel L-R) 

... 

... 

... 

Vessel construct inhibits testing in 
this orientation 

Inner HAZ 

T-L 

(vessel L-C) 

90 

23 

8 

Primary loading and weak material 
orientation 

T-ST 

(vessel L-R) 

— 

... 

... 

Vessel construct inhibits testing in 
this orientation 

Weld 

vessel L-C 

58 

30 

29 

Primary loading orientation 

vessel L-R 

... 

... 

... 

Vessel construct inhibits testing in 
this orientation 


* Average based on three tests 


3.2.3 Fracture Toughness Testing 

Based on the findings and recommendations of Phase 1 [1], elastoplastic Ji c toughness testing 
was performed per ASTM El 820 [8]. The results of the fracture toughness testing are 
summarized in Table 3-12 (complete toughness results for the head material are presented in 
Appendix B). Because specimens from the weld and HAZ extended into the layered shell, testing 
was performed on the inner weld and HAZ, which eased specimen size constraints with the 
thicker inner shell. 
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Unfortunately, as noted, not all testing resulted in valid Ji c results. In some instances, unstable 
growth occurred prior to obtaining sufficient stable tearing to determine Ji c . Nevertheless, in 
most instances, a valid Jc result was obtained (though this measure does not strictly satisfy plane 
strain conditions). 

The fracture toughness results are very consistent with the CVN behavior. Like CVN, a noted 
drop in toughness was observed between RT and -20°F. Similarly, the toughness behavior of the 
HAZ is similar to the base head material. While the weld toughness was lower than the HAZ at 
RT, it was comparable in toughness at -20°F. 


Table 3-12. A-225 Gr. B Head Weld Fracture Toughness Results 


Material 

Orientation 

Toughness (ksi iin.f 

Notes/Comments 

RT 

-20 °F 

A-225 
Gr. B 
Head 

T-L 

(vessel L-C) 

217 

140 b 


T-ST 

(vessel L-R) 

— 

— 

Head thickness minimized ability to obtain valid 
result 

Outer HAZ 

T-L 

(vessel L-C) 

not tested 

not tested 

Inner HAZ tested; inner shell thickness eased 
specimen size constraints 

T-ST 

(vessel L-R) 

— 

... 

Vessel construct inhibits testing in this 
orientation 

Inner HAZ 

T-L 

(vessel L-C) 

197 

93 b 


T-ST 

(vessel L-R) 

— 

... 

Vessel construct inhibits testing in this 
orientation 

Weld 

vessel L-C 

1 21 c 

97 b 


vessel L-R 

— 

... 

Vessel construct inhibits testing in this 
orientation 


Notes: 

a. Reported as K = V(J E/(1-o 2 )) with E = 28.3 xIO 6 psi and u = 0.3 

b. Invalid for J| C due to lack of stable tearing but valid Jc result 

c. Strictly invalid per ASTM El 820 but believed to be representative 
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3.2.4 Fatigue Crack Growth Testing 

Fatigue crack growth (FCG) testing was performed per ASTM E647 [9] on the A-225 Gr. B head 
and the head weld and associated HAZ. A summary of the A-225 Gr. B head material FCG test 
conditions is shown in Table 3-13. 

As with FCG of the shell material, this Phase 2 FCG testing of the head material was also 
designed to target the upper range of the FCG da/dN-AK behavior by testing at high AK. The 
same strategy was employed for this testing by perfonning some testing at very high AK, which 
would result in a very limited amount of valid FCG behavior. Additional tests were designed to 
start lower on the da/dN-AK curve and develop data up to these higher AK tests. Due to the low 
yield, high toughness nature of the head material and limited specimen size, it was only possible 
to obtain FCG data up to approximately 40 ksNin. at R = 0.15. 

The FCG behavior of the A-225 Gr. B head material at RT and -20°F is shown in Figure 3-9. The 
minimal R-ratio dependence indicated by these data is typical of most steels. A comparison of 
the RT and -20°F behavior at each R ratio is shown in Figure 3-10, indicating negligible 
temperature dependence on the FCG behavior. 


Table 3-13. A-225 Gr. B Head FCG Testing 


Material 

Orientation 

FCG Testing 

Notes/Comments 

RT 

-20 °F 

A-225 
Gr. B 
Head 

T-L 

(vessel L-C) 

R = 0.1 
R = 0.7 

R = 0.1 
R = 0.15 
R = 0.7 

R = 0.15 at RT performed in Phase 1 

T-ST 

(vessel L-R) 

none 

none 

FCG of weld and HAZ prioritized over additional 
characterization of head FCG 

Outer HAZ 

T-L 

(vessel L-C) 

none 

none 

Inner HAZ tested; inner shell thickness eased 
specimen size constraints 

T-ST 

(vessel L-R) 

— 

— 

Vessel construct inhibits testing in this 
orientation 

Inner HAZ 

T-L 

(vessel L-C) 

R = 0.15 
R = 0.7 

none 

R ratio characterization prioritized over 
temperature 

T-ST 

(vessel L-R) 

— 

... 

Vessel construct inhibits testing in this 
orientation 

Weld 

vessel L-C 

R = 0.15 
R = 0.7 

none 

R ratio characterization prioritized over 
temperature 

vessel L-R 

— 

... 

Vessel construct inhibits testing in this 
orientation 
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Producing adequate FCG specimens from the head weld and HAZ was problematic. A schematic 
indicating FCG specimen extraction from the weld is shown in Figure 3-11 and is similar for 
FCG specimens extracted from the FIAZ in the head. As individual shell layers are not joined 
together (except at their seam welds), the layers separated during specimen extraction, only 
being joined at the head weld. Thus, producing a viable specimen was difficult, especially for 
specimens extracted from the weld, which extended further into the layered shell. 

Because both specimen types extended into the layered shell, specimens were extracted from the 
inner weld and HAZ associated with the thicker inner shell. As a result, specimens only extended 
into two layers - extraction anywhere else would have resulted in specimens extending into three 
shell layers, further complicating specimen extraction and testing. 


Fatigue crack growth testing of the head weld and HAZ was similarly challenging. Particularly at 
higher crack driving forces, crack growth tended to extend out-of-plane toward the layered 
shells. As such, the resulting valid FCG behavior was more limited, particularly for the higher R- 
ratio of 0.7. 

The FCG behavior of the inner head weld and HAZ is shown in Figure 3-12. The same FCG 
testing strategy as that used for the base head material was employed by performing some testing 
at very high AK, which would result in a very limited amount of valid FCG behavior, followed 
by additional testing designed to start lower on the da/dN-AK curve and develop data up to these 
higher AK tests. However, out-of-plane growth limited the range of valid data. It should also be 
noted that the tensile properties of the base A-225 Gr. B head material were used to assess the 
validity of the weld and HAZ FCG data - obtaining tensile properties of the weld and HAZ will 
be challenging and was not perfonned as part of this Phase 2 effort. 
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Figure 3-11. Schematic of Head Weld FCG Specimen Extraction 
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4.0 FATIGUE CRACK GROWTH MODELING 


This section first provides a review of fatigue crack growth (FCG) data and how they are 
modeled using the NASGRO equation [10]. This is followed by a discussion of fits of the 
NASGRO equation to the data obtained in this effort. While the NASGRO software contains 
some data for these materials from the 1975 NASA Langley report [3], these legacy data sets are 
not as extensive as one would hope, exhibit considerable scatter, and are of questionable validity 
considering current testing methods [1] and hence, motivated the testing documented in this 
current effort. 

The limited sets of FCG data generated in the Phase 1 [1] were combined with the more 
extensive range of data generated in this Phase 2 effort and used to develop fits to the NASGRO 
equation as described below. 

4.1 Fatigue Crack Growth Rate Modeling Background 

Fatigue crack growth rate data are generally characterized on log-log plots of growth rate, da/dN 
(in./cycle) versus stress intensity factor range, A K (ksh/m.). It is commonplace to consider FCG 
data to be divided into three regions as shown schematically in Figure 4-1. Region I is the fatigue 
“threshold” region where cracks propagate very slowly and the data usually exhibit a threshold 
(AX lh ) below which cracks do not propagate. Region II is the linear or steady-state region where 
the relationship between da/dN and A K is linear on a log-log plot. Region II is also commonly 
referred to as the Paris region after the power law equation [ da/dN = C(AAT)"] that has been used 
to model fatigue crack growth in this region for many years. Region III is the near instability 
region where rapid unstable crack growth occurs as fracture instability is approached. 

Crack growth rate calculations in NASGRO use a relationship called the NASGRO equation 
given by: 


where N is the number of applied fatigue cycles, a is the crack length, R is the stress ratio, A K is 
the stress intensity factor range, and C, n, p, and q are empirically derived constants. The 
NASGRO equation is a “full-range” crack growth model in that it can represent all three crack 
growth regions as well as account for the dependence of FCG rate on the stress ratio. Closure is 
modeled using the Newman crack opening function, f For additional detail on the NASGRO 
equation, the reader is referred to the documentation for the NASGRO software [10]. 

To fit the NASGRO equation to fatigue crack growth rate data, one generally needs multiple sets 
of data at different R values. In the Phase 1 effort, FCG rate data were obtained only at an R of 
0.15; Phase 2 testing at a higher R value (0.70) was conducted to determine the extent of the 
variation on da/dN as a function of R, and in addition, the effect of temperature (-20°F) at both R 
values for both materials. Fits to the NASGRO equation for each material and for each 
temperature were obtained using the NASMAT module contained in the NASGRO software [10] 



(4.1) 


36 


and are presented below. Note that only the “valid” FCG data were used in the NASGRO 
equation fits. 

One of the key features of the NASGRO equation is its ability to model closure and the variation 
in FCG rate data as a function of R which, in many materials, can be significant. However, for 
many steels, the variation in FCG data as a function of R is small and the testing performed 
herein confirmed this expectation. Therefore, because of the NASGRO equation’s use of the 
closure function, /, as described above, modeling a tight set of da/dN data with the NASGRO 
equation can become problematic. The strategy adopted herein was to focus the NASGRO 
equation fit on the low R data (i.e., R = 0. 10 and 0. 15) because the pressure cycling of the vessels 
is generally anticipated to be from zero or very low pressures to peak values and back again. 



Figure 4-1. Schematic of Fatigue Crack Growth Behavior Illustrating 
the Three Regions of Fatigue Crack Growth 

4.2 NASGRO Equation Fits for the AO Smith 1146a Shell Material 

The fit to the NASGRO equation for the AO Smith 1146a shell material at room temperature 
(RT) is shown in Figure 4-2. In this plot the Phase 1 data are the black circles (R = 0.15, t = 
0.236) and are the only data set that approach the threshold region. Figure 4-3 plots the 
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NASGRO equation fit for AO Smith 1 146a shell material at -20°F. There were no data obtained 
in the threshold region at -20°F and the “fit” in this region was based on what was obtained at RT 
in Figure 4-2. The principal difference, albeit slight, between these two fits is that the -20°F 
exhibit a somewhat shallower slope, n, than shown in the RT condition (2.57 versus 2.75). In 
general, the RT data/fit is slightly above the -20°F data/fit and would be conservative choice to 
use in an analysis. The NASGRO equation parameters for the AO Smith 1 146a shell material are 
summarized in Table 4-1. 

4.3 NASGRO Equation Fits for the A-225 Gr. B Head Material 

The fit to the NASGRO equation for the A-225 Gr B. head material at room temperature is 
shown in Figure 4-4. In this plot the Phase 1 data are represented by the pink “X” symbols” (R = 
0.15, t = 0.25) and are the only data set that approach the threshold region. Figure 4-5 plots the 
NASGRO equation fit for the A-225 Gr B. head material at -20°F. There were no data obtained 
in the threshold region at -20°F and the “fit” in this region was based on what was obtained at RT 
in Figure 4-4. For the head material at both conditions, the slopes of the data are about the same 
(2.75); again, the RT data/fit is slightly above the -20°F data/fit and would be conservative 
choice to use in an analysis. The NASGRO equation parameters for the A-225 Gr. B head 
material are summarized in Table 4-1 . 

4.4 Comparison of NASGRO Equation Fits to the Barsom Equation 

For fatigue crack growth in ferrite-pearlite steels, Barsom [11] developed an “upper bound” Paris 
equation that the Langley report recommended be used [3]: 

da/dN=3.6E-\0(AK) 30 (4.2) 

This relationship is shown plotted in Figure 4-6 for comparison against the head and shell 
NASGRO equation for R = 0.15 and RT. The Barsom equation matches the NASGRO equation 
at R = 0.15 quite well in the linear, Paris region. However, the Barsom equation should not be 
considered an upper bound over the full range of R or AK for these materials. 
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da/dN [in/ cycle] C da/dN [in/ cycle] 


NASGRO Eqn fit:1146a; unk Plate; link; Lab Air 



4-2. NASGRO Equation Fit for AO Smith 1146a Shell at Room Temperature 


NASGRO Eqn fit :1146a; unk Plate; L-T; Lab Air, -20F 



Figure 4-3. NASGRO Equation Fit for AO Smith 1146a Shell at -20°F 
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NASGRO Eqn fit:A225 Gr B; unk plate; L-C; Lab Air, RT 



Figure 4-4. NASGRO Equation Fit for A-225 Gr B Head at Room Temperature 

NASGRO Eqn fit:A225 Gr B; unk plate; L-C; Lab Air, -20F 



Figure 4-5. NASGRO Equation Fit for A-225 Gr B Head at -20°F 
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da/dN (In/cycle) 



Figure 4-6. Comparison of NASGRO Equation Fits to Barsom Equation at R = 0.15 

and Room Temperature 
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Table 4-1. NASGRO Equation Parameters Obtained for the Shell and Head Materials 


NASGRO 

Equation Parameters 

Shell 

Head 

Notes (a) 

AO Smith 1146a Plate 

A-225 Gr. B Plate 

RT 

-20°F 

RT 

-20°F 

Crack Growth: 






C 

2.00E-09 

2.00E-09 

1.50E-09 

9.00E-10 


n 

2.75 

2.57 

2.75 

2.756 


p 

1.00 

1.00 

0.50 

0.50 


q 

1.00 

1.00 

1.00 

1.00 


DK1 

2.50 

2.50 

4.05 

4.05 


Cth 

1.00 

1.00 

0.00 

0.00 


Cth- 

0.10 

0.10 

0.10 

0.10 

(b) 

Alpha 

2.50 

2.50 

2.50 

2.50 


Smax/Sflow 

0.30 

0.30 

0.30 

0.30 

(b) 

a 0 

0.0015 

0.0015 

0.0015 

0.0015 

(b) 

Kth(s)/Kth(l) 

0.2 

0.2 

0.2 

0.2 

(b) 

Strength/Toughness: 






UTS (ksi) 

119.1 

121.9 

79.3 

84.1 


Yield (ksi) 

82.2 

90.9 

52.5 

59.1 


K c (Kie, Kic) (ksiVin.) 

170.0 

163.0 

201.0 

201.0 

(c) 

A k 

1.0 

1.0 

1.0 

1.0 

(c) 

B k 

0.0 

0.0 

0.0 

0.0 

(c) 


Notes: 

(a) Refer to Section 4.1 and the NASGRO manual [10] for details of the NASGRO equation and parameters. 

(b) These parameters are typical NASGRO equation default values. 

(c) The choice of Bk = 0.0 implies no dependence of toughness on thickness. In the absence of any other data, K| C 
and Ki e are assumed to be equal to the value of K c obtained in this test program. Setting Bk = 0.0 is generally a 
conservative policy, with the rationale being that you need toughness data as a function of thickness in order to 
justify use of the NASGRO toughness relationship as a function of thickness (Eqn 2.14 in the NASGRO manual). 
If you are using a true value of K| C , then setting Bk = 0.0 forces K c = K| C as a lower bound and is conservative. 
However, in this case, a “strictly valid” toughness value is not available, only a toughness for a given thickness. 
Therefore, to ensure the use of this value (only), Bk is set equal to zero and K c = K| C = Ki e . 
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4.5 NASGRO Equation Fits for the Head-to-Shell Weld and HAZ Materials 


The fit to the NASGRO equation for the head-to-shell weld material at room temperature (RT) is 
shown in Figure 4-7 and the corresponding fit for the HAZ material is shown in Figure 4-8. 
There were no data obtained in the threshold region for these materials and the “fit” in this 
region was based on what was obtained at RT for the head in Figure 4-4. The NASGRO equation 
parameters for the weld and HAZ materials are summarized in Table 4-2. 

4.6 Comparison of NASGRO Equation Fits for Base Metal and Weld Materials 

The fits to the NASGRO equation for R = 0.15 at RT for the AO Smith 1 146a shell, the A-225 
Gr. B head and the weld and HAZ are plotted together for comparison in Figure 4-9. The Barsom 
Equation is also shown for reference. This figure shows that the fatigue growth rates in the weld 
and HAZ are generally below that of the base metals up to a AK of about 50 ksWin. For higher 
AKs the fits somewhat converge; however, recognize that there were not any valid FCG data in 
this range. Therefore, using the base metal FCG data would appear to be conservative when 
compared to the weld/HAZ data at least for the majority of the crack growth curve. 

4.7 Re-Evaluation of the FCG Analysis of the Notch in the Outer Shell 

In Phase 1 of this effort [1], the NASGRO software was used to perform fatigue crack growth 
analyses of the notch in the AO Smith 1146a outer shell material in an attempt to predict the 
crack growth behavior that occurred at this location during the cyclic pressure tests on the 
vessel [12]. These analyses were repeated herein using the new Phase 2 shell material properties 
(the NASGRO equation fit shown in Figure 4-2 and the parameters listed in Table 4-1). The key 
difference between the two analyses was that a fracture toughness of 90 ksWin. was used in the 
Phase 1 analysis whereas the toughness of 170 ksWin. obtained in Phase 2 for the shell was used 
herein (see Table 3-6). The NASGRO material data input screens for each of these Phase 2 
analyses are shown in Figures 4-10 and 4-11. 

Table 4-3 compares the results of the crack growth analyses from the Phase 1 effort (i.e., 
Table 7-1 from Ref. [1]) with analyses using the new Phase 2 shell NASGRO equation fit and 
the higher toughness value. Also shown is the Barsom equation analysis using the higher 
toughness of 170 ksWin. In each case K c = Ki c = Ki e = 170.0 ksWin. There is essentially no 
practical difference in the crack growth life up until the surface crack transitions to a through 
crack. However, once the surface crack transitions to a through crack, the crack remains stable 
for much longer (because of the higher toughness now being used: 170 vs 90 ksWin.). This is not 
unexpected. Using the lower toughness value of 90 ksWin., once the part through crack 
transitions to a through crack, the computed K is such that not much or no life is computed after 
transition (Phase 1). But now that a much higher toughness (from Phase 2) is being used, the 
through crack is calculated to grow stably for quite a while longer. 

The failure analysis conducted in Phase 1 indicated that the crack from the notch grew through 
the thickness of the outer shell just before the testing was terminated [1]. The FCG analyses 
perfonned in Phase 2 indicate that after transition to a through crack, the crack in the shell would 
have continued to grow in a stable fashion as a through crack for many, many more cycles had 
the test continued. 
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NASGRO Eqn fic:A225 4 1146a; unk Weld; L-C; Lab Air, RT 



Figure 4-7. NASGRO Equation Fit for Head-to-Shell Weld Material at Room Temperature 


NASGRO Eqn fit:A225 & 1146a; unk Weld HAZ; L-C; Lab Air, RT 



10 


100 


Delta K [ksi*SQRT (in) ] 


Figure 4-8. NASGRO Equation Fit for Head-to-Shell HAZ Material at Room Temperature 
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Table 4-2. NASGRO Equation Parameters Obtained for the Head-to-Shell Weld and HAZ Materials 


NASGRO 

Equation Parameters 

Head-to-Shell 

Notes (a) 

Room Temperature 

Weld 

HAZ 

Crack Growth: 




C 

2 . 38 E -10 

1 . 61 E -10 


n 

3.173 

3.461 


p 

1.00 

1.00 


q 

1.00 

1.00 


DK 1 

4.0 

4.0 


Cth 

0.00 

0.00 


Cth- 

0.10 

0.10 

(b) 

Alpha 

2.50 

2.50 


Smax/Sflow 

0.30 

0.30 

(b) 

a 0 

0.0015 

0.0015 

(b) 

Kth(s)/Kth(l) 

0.2 

0.2 

(b) 

Strength/Toughness: 




UTS (ksi) 

79.3 

84.1 


Yield (ksi) 

52.5 

59.1 


Kc ( Kie , Kic ) (ksiVin.) 

121.0 

197.0 

(c) 

A k 

1.0 

1.0 

(c) 

B k 

0.0 

0.0 

(c) 


Notes: 

(a) Refer to Section 4.1 and the NASGRO manual [10] for details of the NASGRO equation and parameters. 

(b) These parameters are typical NASGRO equation default values. 

(c) The choice of Bk = 0.0 implies no dependence of toughness on thickness. In the absence of any other data, K| C 
and Ki e are assumed to be equal to the value of K c obtained in this test program. Setting Bk = 0.0 is generally a 
conservative policy, with the rationale being that you need toughness data as a function of thickness in order to 
justify use of the NASGRO toughness relationship as a function of thickness (Eqn 2.14 in the NASGRO manual). 
If you are using a true value of K| C , then setting Bk = 0.0 forces K c = K| C as a lower bound and is conservative. 
However, in this case, a “strictly valid” toughness value is not available, only a toughness for a given thickness. 
Therefore, to ensure the use of this value (only), Bk is set equal to zero and K c = K| C = Ki e . 
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Figure 4-9. Comparison of NASGRO Equation Fits at R = 0.15 for Base Metal and Weld Materials 
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(• 0 throughout 
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Figure 4-10. NASGRO Input Screen for NASGRO Equation for AOS 1146a Shell Material (RT) 
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Data format: | NASGRO equation constants 
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Figure 4-11. NASGRO Input Screen for Barsom Equation 
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Table 4-3. Comparison of Results of FCG Analyses between Phase 1 and Phase 2 
(Phase 1 K c = 90 ksiVin., Phase 2 K c = 170 ksiVin.) 


PHASE 1 

Nthru 

Nf 


FCG Material Model 

(cycles) 

(cycles) 

Nthru/Ntest 

Nf/Ntest 

Comments 

NASGRO Equation 

3,674 

4,582 

0.78 

0.98 

surface crack transitioned to through crack 


a =0.260 




before failure occurred 


c = 1.012 

c = 1.353 




Barsom Equation 

4,661 

4,661 

0.99 

0.99 

surface crack failed by fracture, transitioned to 


a =0.257 




through crack, and failed immediately 


c = 1.020 

c = 1.020 




PHASE 2 

Nthru 

Nf 


FCG Material Model 

(cycles) 

(cycles) 

Nthru/Ntest 

Nf/Ntest 

Comments 

NASGRO Equation 

3,750 

13,948 

0.80 

2.98 

surface crack transitioned to through crack 


a =0.260 




before failure occurred 


c = 1.012 

c = 4.193 




Barsom Equation 

4,908 

23,413 

1.05 

4.99 

surface crack transitioned to through crack 


0.260 




before failure occurred 


c = 1.021 

c = 2.952 





Notes: 

(1) Ntest is the total number of pressure cycles during the test (4,688). 

(2) Nthru is the number of cycles to a through crack. 

(3) Nf is the number of cylces at failure by fracture. 

(4) Crack sizes are in units of inches. 
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5.0 SUMMARY AND CONCLUSIONS 


NASA owns and operates several hundred multilayer pressure vessels, some of which are more 
than fifty years old. While available construction records show that generally good design, 
fabrication, and inspection processes were followed, these vessels are “non-Code” vessels and 
actual records do not exist for many of these vessels. To provide NASA with materials strength, 
fracture toughness and crack growth rate test results for use in remaining life calculations, a 
material property characterization effort has been perfonned in two phases. An initial 
characterization of the strength, fracture and fatigue crack growth properties was performed in 
Phase 1 [1], and, based on the results and recommendations of Phase 1, a more extensive 
material property characterization effort was developed in this Phase 2 effort. 

The following results summarize the culmination of the findings for the material characterization 
of both Phase 1 and 2. 

5.1 Vessel Construction 

a. The body of the vessel was constructed from twelve layers (shells), with the inner (first) layer 
3/8-inch thick and the remaining eleven layers each 1/4-inch thick for a total nominal wall 
thickness of 3.125 inches. The shells are fabricated from AO Smith 1146a, a proprietary, 
non-ASME material specification. During Phase 1, the shell material was found to satisfy the 
compositional requirements of ASTM A-299 and A-225, Gr. C. 

b. Successive layers were formed into shells such that the inner diameter closely matched the 
outer diameter of the previous shell. With the exception of the outer-most layer, seam welds 
were ground flush with the shell diameter. The seam welds were staggered from layer to 
layer and seam welds penetrated into the inner shell about 25-30% of the shell thic kn ess. All 
layers but the inner-most contained periodic arrays of weep holes, providing a leak path 
should the inner layer rupture. 

c. The material orientations of the shells were different. The material rolling direction of the 
outer shell was oriented in the longitudinal direction of the vessel while the material rolling 
direction of the inner shell was oriented in the circumferential direction of the vessel. The 
orientation of the intermediate layers is unknown. 

d. Monolithic, hemi-spherical heads, nominally 2.5 inches thick, were girth welded to the 
layered vessel body to fonn the pressure vessel. The heads were fabricated from A-225, 
Gr. B, a standard ASTM material. 

5.2 AO Smith 1146a Shell Material Characterization 

a. Tensile properties of the outer shell are indicative of a modest strength steel and only slight 
differences in tensile properties between RT and -20°F were noted. 

b. Hardness measurements indicated a significant difference in hardness between the inner and 
outer shells. This difference in hardness suggests a difference in tensile behavior between the 
inner and outer shells. 

c. Only a slight decrease in CVN toughness between RT and -20°F was noted. However, there 
was a significant dependence on material orientation, with CVN toughness in the T-L 
orientation of nominally half that in the L-T orientation. 

d. There appears to be a difference in the CVN toughness between the inner and outer shell 
layers. 
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e. The CVN toughness of the outer shell seam weld HAZ was consistent with the outer shell 
material. The outer shell seam weld CVN toughness was significantly greater than and 
demonstrated less temperature dependence than the outer shell material. 

f. Albeit based on very limited sample size, fracture toughness testing did not indicate any 
significant dependence of fracture toughness on temperature between RT and -20°F for the 
shell material. Similar to CVN, a slight difference in toughness was noted between the inner 
and outer shell, though based on very limited test results. 

g. FCG characterization of the shell material focused on the upper range of the da/dN-AK 
behavior. Only a slight dependence on R ratio, typical of steels, was noted. 

h. Negligible dependence of FCG behavior on temperature between RT and -20°F was noted. 
Similarly, only slight differences in FCG behavior between the outer shell in the T-L 
orientation and the inner shell in the L-T orientation were noted. Unfortunately, because FCG 
testing was performed with specimens of the same vessel orientation but not the same 
material orientation, no comparison between inner and outer shells with the same material 
orientation was possible. 

5.3 A-225 Gr. B Head Material Characterization 

a. Tensile properties of the A-225 Gr. B head material are indicative of a low-strength steel and 
only slight differences in tensile properties between RT and -20°F were noted. 

b. A significant drop in CVN from RT to -20°F was noted. Although this testing was not 
designed to determine the ductile-to-brittle transition temperature, the data suggest a 
transition temperature might be somewhat above 0°F in the T-L orientation and near 0°F in 
the T-ST orientation. 

c. CVN results indicated only a slight dependence on orientation between the T-L and T-ST 
orientations for the A-225 head material. 

d. CVN results of the inner HAZ are very consistent with the base A-225 head material. The 
results of the head weld indicate a significant drop in CVN toughness between RT and 0°F 
and no further reduction at -20°F. 

e. The fracture toughness results for the A-225 Gr. B head material were consistent with the 
CVN behavior. A noted drop in toughness was observed between RT and -20°F. 

f. The fracture toughness behavior of the HAZ was similar to the base head material. While the 
weld toughness was lower than the HAZ and base head material at RT, it was comparable in 
toughness at -20°F. 

g. The FCG behavior of the A-225 Gr. B head material at RT and -20°F indicated minimal R- 
ratio dependence, typical of most steels. Negligible temperature dependence on the FCG 
behavior was noted. 

h. Obtaining valid FCG behavior of the head weld and HAZ was challenging as specimens 
extended into the layered shell. Particularly at the higher crack driving forces, fatigue crack 
growth tended to occur out-of-plane toward the layered shell, which limited the extent of 
valid FCG behavior. 

5.4 Fatigue Crack Growth Modeling 

a. NASGRO equation fits were developed for the shell and head materials and represent the 
FCG behavior at room temperature and -20°F. NASGRO equation fits were also developed 
for the head-to-shell weld and HAZ materials albeit only at room temperature. As discussed 
in Section 4.1, the fitting strategy adopted herein focused on representing the low R data 
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(0.10, 0.15) as a priority and consequently this results in a conservative fit to the high R data 
(0.7) in some cases 4 . 

b. As the main goal of the fatigue crack growth testing performed in this Phase 2 effort was to 
obtain data in the linear and upper regions of the FCG curve, the NASGRO equation fits for 
these materials in the threshold region must be considered approximate since they relied on 
only the limited amount of near-threshold data obtained in Phase 1 . 

c. The Barsom equation recommended in the Langley report [3] does not provide an upper 
bound for the shell or head materials. However, it does serve as a good approximation for the 
low R fatigue crack growth rate behavior in the Paris region. 

d. The slopes (exponent, n) of the NASGRO equation fits to the weld and HAZ materials are 
larger (steeper) than those determined for the shell and head base metals. However, fatigue 
growth rates at R = 0.15 in the weld and HAZ are generally below those of the base metals 
up to a AK of about 50 ksivin. 

e. The failure analysis conducted in Phase 1 indicated that the crack from the notch grew 
through the thickness of the outer shell just before the testing was terminated [1]. The FCG 
analyses performed in Phase 2 indicate that after transition to a through crack, the crack in 
the shell would have continued to grow in a stable fashion as a through crack for many, many 
more cycles had the test [12] continued. 


4 NASGRO also has the capability to represent FCG data in tabular form instead of using the NASGRO equation 
and this feature can be used to overcome deficiencies in curve fitting. However, for these steels, there are not 
enough data (for multiple R values over a full range of AK) to use the tabular da/dN input approach. 
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6.0 RECOMMENDATIONS 


Based on the culmination of results during both Phase 1 and Phase 2 of the material 
characterization effort for the multilayer pressure vessel, the following summarize the 
recommendations for future material characterization. These recommendations for additional 
characterization should be prioritized in concert with specific fitness-for-service analyses of 
these pressure vessels. 

A considerable amount of pressure vessel shell and head material still remains from the sectioned 
vessel and is in storage at SwRI. While it cannot be retained indefinitely, these remnants can be 
used to extract samples for additional material testing as recommended below. 

6.1 AO Smith 1146a Shell Material 

With the apparent differences in some material properties between the inner and outer shells, 
chemical analysis should be perfonned on the inner shell to confirm its composition. 

a. Given differences in shell plate material orientation in the construction of the vessel and the 
noted differences in properties in the in-plane orientations, the full characterization of tensile, 
CVN and toughness properties in the L-T and T-L orientations of both the inner and outer 
shell should be completed. Similarly, FCG testing should be performed on the outer shell in 
the L-T orientation and on the inner shell in the T-L orientation to more definitively 
characterize the FCG behavior of each shell. 

b. Because only a limited number of valid fracture toughness results exist, additional toughness 
testing should be performed to develop a more statistically-robust measure of fracture 
toughness. Although obtaining valid toughness results will remain challenging given the 
material constraints, additional data will contribute to the robustness of the toughness that is 
currently based on very minimal sample sizes. 

c. Additional FCG testing designed specifically to capture the lower AK, near-threshold 
behavior should be performed. If the previously mentioned additional FCG testing were to 
indicate no significant dependence on orientation or inner/outer shell, and due to the 
demonstrated lack of temperature dependence of the existing FCG behavior, this near- 
threshold FCG characterization could be limited to a single orientation and shell (inner or 
outer). 

d. FCG characterization should be performed on the shell seam weld and FIAZ. The properties 
of the seam weld are likely to be largely independent of shell material orientation and, as 
such, FCG characterization could be performed on either the inner or outer seam weld. 
However, properties of the HAZ are likely dependent on the base shell orientation. Thus, 
FCG characterization of the inner and outer seam weld HAZ should be considered. 

e. The HAZ in the shell at the head weld has not been characterized in either of the Phase 1 or 
Phase 2 efforts. Although the vessel construct inhibits characterization of this HAZ, similar 
characterization of the HAZ should be performed as material limitations allow. 

f. While the current material characterization has been limited to the AO Smith 1146a shell 
material extracted from a single vessel, layer-to-layer and vessel-to-vessel variation in 
material properties may exist. For example, some differences in mechanical behavior were 
noted between the inner and outer layers, which could be an indication of lot-to-lot 
variability. Variation in weld properties may also be significant as welding techniques may 
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vary from person to person and/or with the size of the vessel. Thus, additional mechanical 
characterization, in keeping with the specific fitness-for-service analyses, should be 
performed on multiple layers from the same vessel and/or layers from multiple vessels. 

6.2 A-225 Gr. B Head Material 

a. Tensile properties should be detennined for the head weld and HAZ. Although it is 
anticipated to have minimal impact, the validity of the weld and HAZ FCG behavior should 
be re-assessed with the actual tensile properties as opposed to the base head tensile properties 
used in this effort. 

b. Because only a limited number of valid fracture toughness results exist, additional toughness 
testing should be performed to develop a more statistically-robust measure of fracture 
toughness. Although obtaining valid toughness results will remain challenging given the 
material constraints, additional data will contribute to the robustness of the toughness that is 
currently based on very minimal sample sizes. 

c. As the T-ST orientation is a primary loading and weak material orientation, fracture 
toughness and FCG testing in this orientation should also be considered. 

d. Additional FCG testing designed specifically to capture the lower AK, near-threshold 
behavior of the head, weld and HAZ should be performed. 

e. While the current material characterization has been limited to the A-225 Gr. B head material 
extracted from a single head, head-to-head and vessel-to-vessel variation in material 
properties may exist. Variation in weld properties may also be significant as welding 
techniques may vary from person to person and/or with the size of the vessel. Thus, 
additional mechanical characterization, in keeping with the specific fitness-for-service 
analyses, should be performed on both heads from the same vessel and/or heads from 
multiple vessels. 

6.3 Fatigue Crack Growth Modeling 

a. The material characterization data (tensile, fracture toughness and fatigue crack growth data) 
for these pressure vessel steels should be incorporated into the NASMAT database in 
NASGRO. 

b. The curve fits (NASGRO equation parameters) to the FCG data for these materials should be 
incorporated into the library of NASGRO equation curve fits in the NASFLA module of 
NASGRO. 

c. As warranted, the NASGRO equation fits should be reviewed and updated pending 
additional near-threshold FCG testing. 

d. As mentioned in conclusion 5.4.b and elsewhere, the NASGRO equation fits for these 
materials in the threshold region must be considered as approximate estimates since they 
were based on the trend from only a small amount of near-threshold data. If one is concerned 
about using the fits as presented in the threshold region, one could eliminate the threshold 
downturn by choosing to set the exponent “/?” in the NASGRO equation to zero. This would 
extend the linear region of the fit backwards as a straight line, effectively eliminating the 
threshold behavior in the model. This would be a conservative approach; however, in many 
cases it could be overly conservative. 
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CHARACTERIZATION RESULTS 
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1 94 hlemattona Id Bouteva rd F: + 1 (630) 22 1 -0796 

Glendale Height 6: safesSexova com 

IBnofc W; wwwMova.com 

USA 
60139 


Test Certificate 



Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Rd 
San Antonio, TX 
78228-0510 

Attn: Fassett Hickey 


REF No 
Page 
Ord No 
Date Tested 
Date Printed 


T 313096 
1 of 1 
F65327IR 
07/25/13 
07/25/13 


Date Received 07/10/13 


Item - TENSILE TESTING AT -20F OF A SAMPLE IDENTIFIED AS SHELL 

Specification - Not Applicable 


: Issue 2 


Tdn^lieTesfiASTMEB 

-11 

.. .-.s • • / . 








Dimensions 

Area 

GL 

0 . 20XYS 

UTS 

«SE1 

KRA 

Comments 


[ini 

[in 2 ] 

Clnl 

[ psl J 

[psl 1 




OOlTangential 

0.1615 

0.0205 

0 64 

89100 

121700 

20.3 

49 3 

at -20F 

002 Tangential 

0.1600 

0.0201 

0 64 

92600 

122200 

25.0 

45.6 

at -20F 

O03:Tangent1al 

0.1600 

0.0201 

0,64 

91100 

121700 

23 4 

45 6 

at -20F 

Elongation determined after fracture unless otherwise indicated 


Certificate Comments 


Specimens 2 and 3 fractured outside the middle half of the gauge. 

This document replaces Issue 1 of the same number, which has been 
withdrawn. It contains supplementary information to that presented 
in the previous issue- two additional tests were included. 




Tami M Tonon 

Operations Mgr/Sr Metallurgist 
For and on behalf of 
Exova Inc. 
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ID 

Material 

Type 

Orientation 

Temp 

(°F) 

CVN a 

(ft-lbs) 

Lat. Expansion 
(mils) bc 

CVN-I-B-1 

Base 

Inner 

L-T 

73 

72 

53 

CVN-I-B-2 

Base 

Inner 

L-T 

73 

70 

57 

CVN-I-B-3 

Base 

Inner 

L-T 

73 

74 

56 

CNV-I-B-8 

Base 

Inner 

L-T 

0 

72 

57 

CVN-I-B-7 

Base 

Inner 

L-T 

0 

70 

52 

CVN-I-B-9 

Base 

Inner 

L-T 

0 

70 

55 

CVN-I-B-4 

Base 

Inner 

L-T 

-20 

64 

53 

CVN-I-B-5 

Base 

Inner 

L-T 

-20 

60 

42 

CVN-I-B-6 

Base 

Inner 

L-T 

-20 

58 

44 

CVN-I-B-1 0 

Base 

Inner 

T-L 

73 

28 

30 

CVN-I-B-1 1 

Base 

Inner 

T-L 

73 

28 

27 

CVN-I-B-1 2 

Base 

Inner 

T-L 

73 

30 

30 

CVN-I-B-1 6 

Base 

Inner 

T-L 

0 

30 

29 

CVN-I-B-1 7 

Base 

Inner 

T-L 

0 

30 

24 

CVN-I-B-1 8 

Base 

Inner 

T-L 

0 

32 

27 

CVN-I-B-1 3 

Base 

Inner 

T-L 

-20 

26 

21 

CVN-I-B-1 4 

Base 

Inner 

T-L 

-20 

30 

25 

CVN-I-B-1 5 

Base 

Inner 

T-L 

-20 

28 

28 

CVN-O-B-1 

Base 

Outer 

T-L 

73 

12 

0 

CVN-O-B-2 

Base 

Outer 

T-L 

-20 

8 

0 

CVN-O-B-3 

Base 

Outer 

T-L 

-20 

10 

0 

CVN-O-H-1 

HA Z 

Outer 

T-L 

73 

18 

14 

CVN-O-H-2 

HAZ 

Outer 

T-L 

73 

24 

20 

CVN-O-H-3 

HAZ 

Outer 

T-L 

73 

18 

8 

CNV-O-H-8 

HAZ 

Outer 

T-L 

0 

16 

8 

CVN-O-H-7 

HAZ 

Outer 

T-L 

0 

16 

8 

CVN-O-H-9 

HAZ 

Outer 

T-L 

0 

16 

6 

CVN-O-H-4 

HAZ 

Outer 

T-L 

-20 

12 

9 

CVN-O-H-5 

HAZ 

Outer 

T-L 

-20 

12 

5 

CVN-O-H-6 

HAZ 

Outer 

T-L 

-20 

14 

11 

CVN-O-W-1 

Weld 

Outer 

C-L 

73 

58 

46 

CVN-O-W-2 

Weld 

Outer 

C-L 

73 

56 

30 

CVN-O-W-3 

Weld 

Outer 

C-L 

73 

60 

50 

CVN-O-W-7 

Weld 

Outer 

C-L 

0 

52 

20 

CVN-O-W-8 

Weld 

Outer 

C-L 

0 

52 

39 

CVN-O-W-9 

Weld 

Outer 

C-L 

0 

54 

45 

CVN-O-W-6 

Weld 

Outer 

C-L 

-20 

48 

41 

CVN-O-W-4 

Weld 

Outer 

C-L 

-20 

50 

38 

CVN-O-W-5 

Weld 

Outer 

C-L 

-20 

50 

37 


a CVN rqmrted as full-size equivalent 
b Lateral expansion in 1000th of an inch 
c SwRI measurements 
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AO SMITH 1146a 

PLANE STRESS FRACTURE TOUGHNESS 


ID 

Layer 

Orientation 

Temp 

Result 

KC-l-B-1 

Inner 

L-T 

RT 

Invalid 

KC-l-B-2 

KC-l-B-3 

KC-O-B-1 

Outer 

L-T 

RT 

Invalid 

KC-O-B-2 

KC-O-B-3 

KC-l-B-4 

Inner 

L-T 

-20°F 

Invalid 

KC-l-B-5 

KC-l-B-6 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: jdmin@wmtr.coin 

COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (ASTM E561-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOUTHWEST RESEARCH 
P .0. NO. : F58154BT 

SID : KC-J-B-i MATERIAL SPEC : N/A 


WMT&R NO ’-55962 
ALLOY & TEMPER Steel-N/A 
PRODUCT THICKNESS: N/A 
TEST TYPE : 0.625*C(T) N/A 
TEST DATE: 04-11-13 
TEST YIELD STR.(YS2) : 82.2 ksi 


TESTLOG : S41398 
PRODUCT: N/A 

TEST PLANE : N/A 
TEST TEMPERATURE : 75°F 
MODULUS : 30.0 Msi 


SPECIMEN MEASUREMENTS : 

THICKNESS (D) 

WIDTH (#0 

ORIGINAL CRACK LENG TH {aN) 
EFFECTIVE CRACK LENGTH (uc) 
PHYSICAL CRACK LENGTH (n/>) 
TOTAL CRACK LENGTH (ao) 

TYPE Oh CRACK 


= 0.219 in. 

« 3 .252 in. 

= 0.348 in. 

= 0.819 in. 

= 0.609 in. 

= 0 473 in. 

FATIGUE PRECRACKED 


CRACK LENGTHS: 

R-SURFACE 

R-CENTER 

MID-CENTER 

L-CENTER 

L-SURFACE 


= 0.112 in 
* 0.126 in. 
= 0.127 in. 
= 0.123 in. 
= 0.108 in. 


FATIGUE PRECRACKING SUMMARY 

maximum fatigue r .oad = 657 ibs 

KF (MAX) = 1 8.4 ksi(sqrt. in.) 

FATIGUE CRACKING DATE 


LOAD RATIO =0.1 
CYCLES =104589 


TEST RESULTS : 

MAXIMUM LOAD (Pmax) 
STRESS INTENSITY (Kc) 
DISPLACEMENT AT Pmax 
NET SECTION STRESS (SIGMA) 
Kapp 
r .v 


= 2501 lbs 
= 175.3 ksi(sqrt in.) 
= 0.0481 in. 

= 1 72.0 ksi 
= 70.1 ksi(sqrt. in.) 
= 0.2104 in. 


V ALIDITY CHECKS PER ASTM E361-08el 


DEPARTURE LOAD (PDL) 
STRESS INTENSITY AT PD 
DISPLACEMENT AT PD 
K-RATE 

EFFECTIVE MODULUS 
E/Eeh. 


= 810 lbs 

= 22.7 ksi(sqrt. in.) 

= 0.0043 in. 

= 1 .77 ksi(sqrt. in.Vs 
= 28.5 Msi 
- 1.05 


1. (E561 8.6.2) 1 HE FATIGUE PRECRACK SHALL EXTEND FROM THE STARTER NOTCH BY > = 0.05 in 

2. (E561 8.6.2) 1 HE FA TIGUE PRECRACK MUST EXTEND BEYOND THE ENVELOPE. 

3. (E56I 8.6.3) I HF ORIGINAL CRACK SIZE, ao, SHALL RE WI THIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.473 in. 0.432 in < Original Crack Size < 0 695 in 

4. ( E5C> 1 9.5) APPLY A DISPLACEMENT RATE DURING THE INITIAL LINEAR PORTION OF THE FORCF.-CMOD 

CURVE THAT WILL RESULT IN A CHANGE IN K BETWEEN 0.5 AND 2.5 KSI. SQ.RTJN/S. 

= 1,77 ksi(sqrt. in.)/s 

5. (£561 8.6.5) THE REMAINING UNCRACKED LIGAMENT (W-ap) MUST BE > 4/TT(KR/YS) A 2. 

( W -ap) = 0.643 in. Limit = 1 .686 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INVALID: *** KC = 175.3 ksi(sqrt. in.) 

*** KAPP = 70.1 ksi(sqrt. in.) 

STEVEN ZASADNY - JD ROSSI . TOM FEDOR - KEN GAT.I.O 

-NOTE: n IE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS TJOCUMFNT MAY RF PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive , and Nuclear Fields 

Phone: (724) 537-31 31 Fax: (724) 537-3151 Email: admin@wmtT.com 

COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (ASTM E561-08ei) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOUTHWEST RESEARCH 
P.0 NO. : F58154BT 
SID KC-l-B-2 

WMT&R NO 3 55962 
ALLOY A TEMPER Steel -N/A 
PRODUCT THICKNESS; N7A 
TEST TYPE : 0.625-QT) N/A 
TF.ST DATE: 04-1 1-13 
TEST YIELD STR.(YS2) : 82.2 ksi 


MATERIAL SPEC N/A 

TESTLOG : S4I399 
PRODUCT N/A 

TEST PI ANF. : N/A 
TEST TEMPERATURE 75 *F 
MODULE’S : 30.0 Msi 


SPECIMEN MEASUREMENTS : 

THICKNESS ( B ) 

WIDTH {W) 

ORIGINAL CRACK LENGTH (aN) 
EFFECTIVE CRACK LENGTH (ae) 
PHYSICAL CRACK LENGTH {ap) 

I D I AL CRACK LENGTH {ao) 

I Y PE OF CRACK 


= 0 219 in. 

= 1 252 in. 

= 0.350 in. 

-0 831 in. 

= 0.612 in. 

= 0.476 in. 

FA I IGUE PRECRACKED 


CRACK LENGTHS: 

R-SURFACE 
R-CFNTFR 
MID-CFNTFR 
L-C ENTER 
L-SURFACE 


= 0.122 in 
0.130 in. 
0.128 in 
= 0.121 in. 
= 0.105 in. 


FATIGUE PRECRACKING SUMMARY 

MAXIMUM FATIGUE LOAD = 63 1 lbs 

KF (MAX) = 17.8 ksifsqrt. in.) 

FATIGUE CRACKING DATE 


I ES I RESULTS : 

MAXIM! 1M I OAD (Pmax) 
STRESS INTENSITY (Kc) 
DISPLACEMENT AT Pmax 
NET SECTION STRESS (SIGMA) 
Kapp 


= 25.10 lbs 
= 185.5 ksi(sqrt. in.) 
= 0.0522 in. 

= 175.8 ksi 
= 71.3 ksi(sqrt. in.) 
= 0.2180 m. 


V ALIDITY CHECKS PER ASTM E561-08el 


LOAD RATIO 0.1 

CYCLES 106737 


DEPARTURE LOAD (PDL) 
STRESS INTENSITY AT PD 
DISPLACEMENT AT PD 
K-RATE 

EFFECTIVE MODULUS 


- 882 lbs 

= 24.9 ksi(sqrt. in.) 

= 0.0048 in. 

= 1.74 ksi(sqrt, in.'y's 
= 28.1 Msi 
= 1.07 


1 (E561 8.6.2) l HE FA I IGUE PRECRACK SHALL EXTEND FROM THE STARTER NOTCH BY > = 0.05 in. 

2 (E56 . 8.6.2) l HE FA I IGUE PRECRACK MUST EXTEND BEYOND THE ENVELOPE. 

3 (h.561 8.6.3) THE ORIGINAL. CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original C rack Size (ao) - 0.476 in 0.432 in < Original Crack Size < 0.695 in 

4. (E561 9.5) APPLY A DISPLACEMENT RATF. DURING THF. INITIAL LINEAR PORTION OF THE FORCE-CMOD 

CURVE THAT WILL RESULT IN A CHANGE IN K BETWEEN 0.5 AND 2.5 KSI SQ.RT.IN/S. 

= 1.74 ksi(sqrt in. ys 

5. (E561 8.6.5) THE REMAINING UNCRACKED LIGAMEN T (W-ap) MUS V BE > 4/tt(KR/YS) a 2. 

(W -ap) = 0.640 in. Limit = 1 .75 1 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INVALID: *** KC = 185.5 ksi(sqrt. in.) 

*** KAPP = 71.3 ksi(sqrt. in.) 

STEVEN ZASADNY - .ID ROSSI - TOM FEDOR - KEN GALLO 

“NOTE; Ti IE RECORDING OF FAtSE, FICTITIOUS, OR FKADDCUiNT STATEMENTS OK fiNFRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive , and Nuclear Fields 

Phone: (724) 537-3131 Pax: (724) 537-3151 Email: adminfe^Tritr.com 

COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (ASTM E561-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOUTHWEST RESEARCH 
P.O. NO. : F58 1 54B I 

SID . KC-l-B-3 MATERIAL SPEC : N/A 


WMT&R NO. : 1-55962 
ALLOY & TEMPER Steel-N/A 
PRODUCT THICKNESS: N/A 
TF.ST TYPE : 0.625-C(T) N/A 
TEST DATE: 04-1 1-13 
TEST YIELD STR4YS2) : 82.2 ksi 


TEST LOG : S41400 
PRODUCT N/A 

TEST PLANE N/A 
TEST TEMPERATURE : 75 a F 
MODUL US : 30.0 Msi 


SPECIMEN MEASUREMENTS : 

THICKNESS 01) 

WIDTH (W) 

ORIGINAL CRACK LENGTH {aN) 
EFFECTIVE CRACK LENGTH (ae) 
PHYSICAL CRACK LENG TH (, qp ) 
TOTAL CRACK LENGTH {ao) 

TYPE OF CRACK 


0 219 in 
= 1.250 in. 

= 0.351 in. 

= 0.812 in. 

= 0.605 in. 

= 0.486 in. 

FATIGUE PRECRACKED 


CRACK LENGTHS: 

R-SURFACE 
R-CFNTER 
MID-CBNTFR 
L-C ENTER 
L-SURFACE 


= 0.129 in. 
= 0.140 in 
= 0. 136 in 
= 0.128 in. 
= 0.108 in. 


FATIGUE PRECRACKING SUMMARY 

MAXIMUM FA I JGUE LOAD = 657 lbs 

KF (MAX) = 19.0 ksi(sqrt. in.) 

FATIGUE CRACKING DATE 


LOAD RATIO =0.1 
CYCLES = 107680 


T EST RESULT S : 

MAXIMUM LOAD (Pmax) 
STRESS INTENSITY (Kc) 
DISPLACEMENT AT Pmax 
NFT SECTION STRESS (SIGMA) 
Kapp 


= 2498 lbs 
- 171.7 ksi(sqrt. in.) 
= 0.0464 in 
= 170.3 ksi 
= 72. 1 ksi(sqrt. irt.) 

= 0.2073 in. 


VALIDITY' CHECKS PER ASTM E561-08cl 


DEPARTURE LOAD (PDL) = 855 lbs 


STRESS INTENSITY AT PD 
DISPLACEMENT AT PD 
K-RATE 

EFFECTIVE MODULUS 


E/E EF f 


= 24.7 ksifsqrt. in.) 

= 0.0047 in. 

1.88 ksi(sqrt. in.)/s 
- 28.8 Msi 
= 1.04 


1 (E56; 8.6.2) THE FATIGUE PRECRACK SHALL EXTEND FROM THE STARTER NOTCH BY >-005 in. 

2 (E561 8.6.2) THE FATIGUE PRECRACK MUST EXTEND BEYOND THF ENVF.IOPF 

3 (E56i 8.6.3) THE ORIGINAL CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.486 in 0.431 in < Original Crack Size < 0.694 in 

4 (E56I 9.5) APPLY A DISPLACEMENT RATE DURING THE INITIAL LINEAR PORTION OF THE FORCE-CMOD 

CURVE THAT WILL RESULT IN A CHANGE IN K BETWEEN 0.5 AND 2.5 KSI. SQ.RT.IN/S. 

I 88 ksi(sqrl in )/s 

5. (E561 8.6.5) THE REMAINING UNCRACKED LIGAMENT (W-ap) MUST BE > 4/ir(KR/YS)*2. 

(W -ap) = 0.645 in. Limit = 1.661 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST TS INVALID: *** KC = 171.7 ksi(sqrt. in.) 

*** KAPP = 72.1 ksi(sqrt. in.) 

STEVEN ZASADNY - JD ROSSI - TOM FEDOR KEN GALLO 

"NO IT: I'HE RECORDING OF FALSE, FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT M AY HH PUNISHABLE AS A 

FELONY UNDER FEnERAI. STATUTE.” 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: {724) 537-3131 Fax: (724) 537-3151 Email: admin@WTntr.com 

COMPACT T ENSION FRACTURE TOUGHNESS TEST REPORT (ASTM E561-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOU I HWEST RESEARCH 
PO. NO F58I54BT 

SID : KC-O-B I MATERIAL SPEC : N/A 


WMT&R NO 1-55962 
ALLOY & TEMPER : Steel-K'A 
PRODUCT THICKNESS N/A 
TFST TYPE : 0.625-C(T) N/A 
TEST DATE 04-05-13 
TEST YIELD STR.(YS2) : 82.2 ksi 


TCSTLOG : S41395 
PRODUCT: N/A 

TEST PLANE : N/A 
TEST TEMPERATURE : 75 C F 
MODULUS : 30.0 Msi 


SPECIMEN MEASUREMENTS : 

THICKNESS (B) 

WIDTH (W) 

ORIGINAL CRACK LENG TH (aN) 
EFFECTIVE CRACK LENGTH (ae) 

PI IYSICAL C RACK LENGTH (up) 
TOTAL CRACK LENGTH (no) 

TYPE OF CRACK 


= 0.219 :n. 

= 1.251 m. 

-0.349 m. 

= 0.763 in. 

= 0.460 in. 

= 0.465 in. 

FAT IGUE PRECRACK FT) 


CRACK LENGTHS: 

R-SURFACE 
R -CENTER 
MID-CFNTFR 
L-C ENTER 
L-SURFACE 


= 0.1 14 in. 
= 0.123 in. 
= 0.1 18 in. 
= 0.108 in. 
= 0.090 in. 


FATIGUE PRECRACKING SUMMARY 

MAXI MUM EAT IGUE LOAD = 656 1 b* 

KE (MAX) =18.1 ksi(sqrt. in.) 

FATIGUE CRACKING DATE 


TEST RESULTS : 

MAXIMUM LOAD {Pmax) 
STRESS IN IfcNSlTY (Kc) 
DISPLACEMENT AT Pmax 
NET SECTION STRESS (SIGMA) 
Kapp 


- 4426 Ihs 

— 256.6 ksil'sqrt. in.) 
= 0.0657 in. 

= 1 96.4 ksi 
= 122.1 ksi(sqrt, in.) 
-0.2939 in. 


VALIDITY CHECKS PER ASTM E561-08el 


LOAD RATIO =0.1 
CYCLES =112292 


DEPARTURE LOAD (PDL) 
STRESS INTENSITY AT PD 
DISPLACEMENT AT HD 
K.-RATE 

EFFECTIVE MODULUS 

E/E crF 


= 1092 lbs 

- 30.1 ksi(sqrt- in.) 
0.0056 in. 

- 1 93 ksi(sqrt. in.)/s 

- 28.9 Msi 
= 1.04 


1 (F561 8.6.2) THE FATIGUE PRECRACK SHALL EXTEND FROM THE START ER NOTCH BY > - 0.05 in. 

2 (E5G1 8.6.2) THE FATIGUE PRLCRACK MUST EXTEND BEYOND THE ENVELOPE. 

V (F.561 8.6.3) THE ORIGINAL CRACK SIZE, ao. SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.465 in, 0.432 in < Original Crack Size < 0 694 in 

4 (F.561 9.5) APPLY A DISPLACEMENT RATE DURING T HE INIT IAL LINEAR PORTION OF THE FORCE C MOD 
CURVE THA I WILL KfcSUL I' IN A CHANGE IN K BETWEEN 0.5 AND 2.5 KSI SQ.RT.IN/S. 

= 1 .93 ksiisqrt. in .)6> 

5, (E561 8.6.5) THF REMAINING UNC RACKED LIGAMENT (W-ap) MUST BE > 4 /tt(KR/YS) a 2. 

(W-ap) = 0.782 in. Limit - 2.860 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INVALID: *** KC = 256.6 ksi(sqrt. in.) 

*** KAPP = 122.1 ksi(sqrt. in.) 


STEVEN ZASADNY - JD ROSSI - TOM FEDOR - KEN GALLO 

"NOTE: THE RECORDING OF FALSE, FICTITIOUS OR FRAUDULENT STATEMENTS OK ENTRIES ON THIS I X7CUMF.NT M AY BF. PUNISH ABl JR AS A 

FELONY UNDER FEDERAL STATUTE." 
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Phone: (~24) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Fax: (724) 537-3151 


Email: admin@wintr.com 


COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (ASTM ES61-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOUTHWEST RESEARCH 


p O NO F58154RT 




SID KC-O-B-2 



MATERIAL SPEC : N/A 

WMT&R NO. : 3-55962 



TESTLOG : S41396 

ALLOY & 1 EM PER Sleel-N/A 



PRODUCT: N/A 

PRODUCT THICKNESS: N/A 




TEST rYPE : 0.625-C(T) NT A 



TEST PLANE : N/A 

TEST DATE : 04-05-13 



TEST TEMPERATURE : 75°F 

TEST YIELD S I R.(YS2) 82 2 ksi 



MODULUS : 30.0 Msi 

SPECIMEN MEASUREMENTS : 


CRACK LENGTHS: 

THICKNESS {B) 

= 0.219 n 

R-SURFACF. 

= 0.117 in. 

WIDTH (IV t 

l 252 in 

R-CENTER 

*0.127 in. 

ORIGINAL. CRACK 1 F.NGTH (n>V) 

0.350 in 

MID-CENTER 

*0.128 in. 

EFFECTIVE ( RACK LENGTH (ae) 

= 0.S15 in 

L-CENTER 

= 0.124 in. 

PHYSICAL CRACK LENGTH tap) 

= 0.505 in 

L-SURFACE 

= 0.1 10 in. 

TOTAL CRACK LENGTH {ao) 

= 0.476 in. 



TYPE OF CRACK 

FATIGUE PRECRACKED 



FATIGUE PRECRACKING SUMMARY 



MAXIMUM FATIGUE LOAD 

= 653 lbs 

LOAD RATIO 

= 0.1 

KF (MAX) 

- 18.4 ksi(sqri in ) 

CYCLES 

= 1 1 3092 

FATIGUE CRACKING DA TE 




TEST RESULTS : 




MAXIMUM LOAD (Pmax) 

4286 lbs 

DFPARTl JR F. 1 .0 A D (PDI . ) 

= 1103 lbs 

STRESS INTENSITY (Kc) 

- 296. 1 ksi(sqrt. in.) 

STRESS INTENSITY' AT PD 

= 31.1 ksi(sqrt. in.) 

DISPLACEMENT AT Pmax 

= 0.0796 in. 

DISPLACEMENT AT PD 

* 0.0058 in. 

NET' SECTION STRESS (SIGMA) 

= 211.1 ksi 

K-RATE 

= 1.94 ksi(sqrt. in.)/s 

Kapp 

= 1 20 9 ksi(sqrt. in.) 

EFFECTIVE MODULUS 

= 29.1 Msi 

r y 

- 0.3097 in. 

E/Efff 

1.03 

VALIDITY CHECKS PER ASTM ES61-08cl 




1 (F.561 8.6.2) THE FATIGUE PRECRACK SHALL EXTEND FROM THE STARTER NOTCH BY > = 0.05 in. VALID 

2 (E561 8.6.2) THE FATIGUE PRECRACK MUST EXTEND BEYOND THE ENVELOPE. VALID 

3. (E561 8.6.3) THE ORIGINAL CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W VALID 

Original Crack Size (ao) = 0.476 in. 0.432 in < Onginul CTack Size < 0.695 in 

4 (E56 1 9.5) APPLY A DISPLACEMENT RATE DURING THE INITIAL LINEAR PORTION OF THE FORCE-CMOD VALID 

CURVE 1 HAT WILL RESULT IN A CHANGE IN K BETWEEN 0 5 AND 2.5 KSI. SQ RT.IN/S. 

- 1 .94 ksi(sqrt. ut.)/$ 

5 (E56! 8.6.5) TI IE REMAINING UNCRACKED LIGAMENT (W-ap) MUST BE > 4/Tr(KR/YSr2 INVALID 

(W -ap) - 0 747 in. Limit = 3.107 in. 


TEST IS INVALID: *** KC = 296.1 ksi(sqrt. in.) 

*** KAPP = 120.9 ksi(sqrt. in.) 

STEVEN ZASADNY - JD ROSSI - TOM FEDOR - KEN GALLO 

"NOT t ITib RECORDING Ob FAI Sh, FICI ITIOUS, OR FRAUDULFNT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISH ABI .H AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive , and Nuclear Fields 

Phone (721) 537-3131 Fax: (724) 537-3151 Email: admimgvvmtr.com 

COMPACT TENSION FRACTURE TOUCHINESS TEST REPORT (ASTM E561-U8cl) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOU THWEST RESEARCH 
P.O. NO. : F58154BT 

SID : KC-O-B-3 MATERIAL SPEC N/A 


WM'I&R NO. : J-55962 
ALLOY & IhMHEK : Steel-N/A 
PRODUCT THICKNESS: N/A 
TEST TYPE 0.62 5 -C(T) N/A 
TEST DATE : 04-08- 13 
TEST YIELD STR.(YS2) : 82.2 ksi 


TEST LOG : S4I397 
PRODUCT N/A 

TEST PLANE N/A 
TEST TEMPERATURE . 75 a F 
MODULUS : 30.0 Msi 


SPECIMEN MEASUREMENTS : 

THICKNESS (//) 

WIDTH (/E) 

ORIGINAL ( RACK LENGTI I (ah') 
EFFECTIVE CRACK LENGTH ( ae ) 

PI iYSICAL CRACK LENGTH (ap) 
TOTAL CRACK LENGTH (no) 

TYPE OF CRACK 


= 0.210 in 
= 1.251 in. 

= 0.350 in. 

= 0.774 in. 

= 0 480 in. 

= 0 476 in. 

FATIGUE PRECRACKED 


CRACK LENGTHS: 

R-SURFACE 
R -CENTER 
MID-CENTER 
L-CENTER 
L-SURTACE 


= 0.1 10 in 
= 0.124 in 
= 0.128 in 
= 0.125 in 
= 0.1 10 in 


FATIGUE PRECRACKING SUMMARY 

MAXIMUM FATIGUE I OAD = 647 Ihs 

KF (MAX) = 18 5 ksifsqrt. in.) 

FA riGUE CRACKING DATE 


LOAD RATIO =0.1 
CYCLES - 104678 


TEST RESULTS : 

MAXIMUM LOAD (Pmax) 
STRESS INTENSITY (Ki:> 
DISPLACEMENT AT Pmax 
NET SECTION STRESS (SIGMA) 
Kapp 
r v 


- 4235 I ns 
= 258. 1 ks:(sqrl. in.) 
= 0.0722 in. 

= 196.7 ksi 
= 121.2 ksUsqrt. in.) 
= 0.2935 in. 


VALIDITY CHECKS PER ASTM E561-08el 


DEPARTURE LOAD (PDL) 
STRESS INTENSE! Y AT PD 
DISPLACEMENT AT PD 
K-RATE 

EFFECTIVE MODULUS 
E/Erff 


= 1480 lbs 
= 42.4 ksi(sqrt. in.) 

= 0.00S6 in. 

- 1 .44 ksi(sqrt in. Vs 
= 26.7 Msi 
= 1.12 


1. (E56I 8.6,2) THE FATIGUE PRECRACK SHALL EXTEND FROM THE STARTER NOTCH DY > * 0.05 in 

2. (0561 8.6.2) THE FATIGUE PRECRACK MUST EXTEND BEYOND THE ENVELOPE. 

3. (E561 8.6.3) THE ORIGINAL CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.476 in. 0.432 in < Original Crack Size < 0.694 in 

4 (E56I 9 5) APPI Y A DISPLACEMENT RATE DI KING THE INITIAL LINEAR PORTION OF THE FORCE-CMOD 
CURVE THAT WII 1 RFSUI T IN A CHANGE IN K BETWEEN 0.5 AND 2 5 KSI. SQ.RT IN/S 
= 1 .44 ksi(sqrt. in. Vs 

5. l b 561 8.6.5) THE REMAINING UNCRACKED LIGAMENT (W-ap) MUST BE > 4/n(KR'YS) A 2. 

(W -ap)* 0.771 in. Limit - 2.8 14 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INVALID: *** KC = 258.1 ksi(sqrt. in.) 

*** KAPP = 121.2 ksi(sqrt. in.) 

STEVEN ZASADNY - JD ROSSI - TOM FF.DOR - KEN GALLO 

"NOTE THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL SEAT UTK." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive f and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admiii<s?wmtr.co»n 

COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (ASTM K561-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER : SOUTHWEST RESEARCH 
P.O NO. : F58I54BT 

SID : KC-I-B-4 MATERIAL SPEC : N/A 


WMT&R NO. : 3-55962 
ALLOY & TEMPER : Steel -N/A 
PRODUCT THICKNESS: N/'A 
TEST TYPE : 0.62 5 -C(T ) N'A 
TEST DATE : 04-12-13 
I'ES I YIELD STR.CYS2) 82.2 ksi 


TESTLOG : 5541401 
PRODUCT: N/A 

TEST PLANE : N/A 

TEST TEMPERATURE : -20T 

MODULUS : 30.0 Msi 


SPECIMEN MEASUREMENTS 

THICKNESS (ft ) 

WIDTH (W) 

ORIGINAL CRACK LENGTH (mV) 
EFFECTIVE CRACK LENGTH (ae) 
PHYSICAL CRACK LENGTH (ap) 
TOTAL CRACK LENGTH (ao) 
TYPE OF CRACK 

- 0.219 in 
= 1.251 in. 

= 0.350 in. 

= 0.811 in. 

= 0.578 in. 

= 0.469 in. 

FATIGUE PRECRACKED 

CRACK LENGTHS: 

R-SURFACE 

R-CENTER 

MID-CENTER 

L-CENTER 

L-SURFACE 

= 0.101 in. 
= 0.1 15 in. 
= 0.121 in. 
= 0.121 in. 
= 0.1 1 1 in. 

FATIGUE PRECRACKING SUMMARY 

MAXIMUM FATIGUE LOAD 657 lbs 

KF (MAX) ~18 3 ksifsqit. in.) 

FATIGUE CRACKING DATE 

LOAD RATTO 
CYCT.FS 

= 0.1 
= 97091 


TEST RESULTS : 

MAXIMUM LOAD (Pmax) 
STRESS INTENSITY (Kc) 
DISPLACEMENT AT Pmax 
NET SECTION STRESS (SIGMA) 
Kapp 

r y 

= 2821 bs 
= 1 92.6 ksi(sqrl. in.) 
= 0.0536 in. 

= 1 75.2 ksi 
= 78.5 ksi(sqrt. in.) 
= 0.2328 in. 

DEPARTURE LOAD (PDL) 
STRESS INTENSITY AT PD 
DISPLACEMENT AT PD 
K-RATE 

EFFECTIVE MODULUS 

E/Erff 

987 lbs 

- 27.5 ksi(sqrL in.) 

= 0.0053 in. 

= 1 .58 ksi(sqrL in.)/s 
= 27.9 Msi 
1 08 


VALIDITY CHECKS PER ASTM E561-08el 


I (E561 8.6.2) THE FATIGUE PRECRACK SI IALL EXTEND PROM THE SI ARTER NOTCH BY > = 0.05 m. 

2. (0561 8.6.2) THE FATIGUE PRECRACK MUST EXTEND BEYOND THE ENVELOPE 

3. (E561 8.6.3) THE ORIGINAL CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.469 in. 0.432 in < Original Crack Size < 0.694 in 

4. (E561 9.5) APPLY A DISPLACEMENT RA I L DURING THE INITIAL LINEAR PORTION OF THE FORCE-CMOD 

CL RVE THAT WILL RESULT IN A C HANGE IN K BETWEEN 0.5 AND 2.5 KSI SQ.RT.IN/S. 

1.58 ksi(sqrl in )/s 

5. (E561 8 6.5) THE REMAINING UNCRACKED LIGAMENT (W-ap) MUST BE > 4 /tt(KR/YS) a 2. 

(W -ap) = 0.673 in. Limit - 1 .862 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INV ALID: *** KC = 192.6 ksi(sqrt. in.) 

*** KAPP = 78.5 ksi(sqrt. in.) 

STEVEN ZASADNY - JD ROSSI - TOM FEDOR - KEN GALLO 

"NOTE: THF. RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON TH IS I XX3UMENT MAY BE PUNISHABLE AS A 

TELONY UNDER FEDERAL STATUTE " 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive , and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin^wmtr.com 

COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (ASTM E561-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER SOUTHWEST RESEARCH 
P.0 NO : F5S154BT 

SID KC-l-B-5 MATERIAL SPEC : N/A 


WMT&R NO 3-55962 



TESTLOG S41402 

Al LOY & TEMPER Steel *N/A 



PRODUCT: N/A 

PRODUCT THICKNESS: N'A 




TEST TYPE : 0.625-C(T) N/A 



TEST PLANE : N/A 

TEST DATE: 04-12-13 



TEST TEMPERATURE : -20°F 

TEST YIELD STR.(YS2) 82.2 ksi 



MODULUS : 30.0 Msi 

SPECIMEN MEASUREMENTS : 


CRACK LENGTHS: 

THICKNESS Ui i 

= 0.219 in 

R-SURFACF 

= 0.122 in. 

WIDTH (W) 

1.252 in 

R-C ENTER 

= 0.129 in. 

ORIGINAL CRACK LENGTH [aN) 

= 0.350 in 

MID-CENTER 

= 0.129 in. 

EFFECTIVE CRACK LENGTH (tie) 

- 0.786 in. 

L-CONTER 

= 0.120 in. 

PHYSICAI. CRACK LENGTH (ap) 

0.567 in 

L-SURFACE 

= 0.103 in. 

TOTAL CRACK LENGTH (ao) 

= 0.476 in. 



TYPE OF CRACK 

FATIGUE P ROC RACKED 



FATIGUE PRECRACKING SUMMARY 



MAXIMUM FATIGUE LOAD 

= 64i lbs 

LOAD RATIO 

= 0.1 

KJP MAX) 

=■ 18- 1 ksi(sqrt. in.) 

CYCLES 

= 132730 

FATIGUE CRACKING DATE 




TEST RESULTS : 




MAXIMUM LOAD(Pmax) 

= 2813 lbs 

DEPARTURE LOAD (PDL) 

= 1029 lbs 

STRESS INTENSITY (Kc) 

= 175 6 ksi{sq;t. in.) 

■STRESS INTENSITY AT PD 

= 29 ksi(sqrt. in.) 

DISPLACEMENT AT Pmax 

= 0.0482 in. 

DISPLACEMENT AT PD 

= 0.0057 in. 

NET SECTION STRESS (SIGMA) 

= 168.1 ksi 

K-RATE 

= 1.62 ksi(sqrt. in. >5 

Kapp 

= 79.3 ksi(sqrt. in.) 

EFFECTIVE MODULUS 

= 27.6 Msi 

r y 

= 0.2192 in. 

E/EfcFF 

= 1.09 

VALIDITY CHECKS PER ASTM E561-08el 




1 . ( F561 8.6.2) THE EATIGUE PRECRACK SHALL EXTEND FROM THE STARTER NOTCH BY > = 0.05 in. 

2 (F.56I 8.6.2) THE FATIGUE PRECRACK MUST EXTEND BEYOND THE ENVELOPE. 

3. (0561 8.6.3) THE ORIGINAL CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.476 in. 0.432 in < Original Crack Size < 0.695 in 

4. (E561 9.5) APPLY A DISPLACEMENT RATE DURING THE INITIAL LINEAR PORTION OF THE FORCF-CMOD 

CURVE THAT WILL RESULT IN A CHANGE IN K BETWEEN 0.5 AND 2.5 KSI. SQ.RT.IN/S 
— 1 .62 ksi(sqrt. in.V's 

5. (0561 8.6.5) THE REMAINING UNCRACKED LIGAMENT (W-ap) MUSI BE > 4 'tt(KR'YS) a 2 

(W -ap) =» 0.685 in. Limit * 1 .755 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INVALID: *** KC = 175.6 ksi(sqrt. in.) 

*** KAPP = 79.3 ksi(sqrt. in.) 


STEVEN ZASADNY - JD ROSSI - TOM FEDOR - KEN GALLO 

• NOTE: T1 IE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive , and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin@wmtr.com 

COMPACT TENSION FRACTURE TOUGHNESS TEST REPORT (A STM E561-08el) 

PRELIMINARY INFORMATION : 

CUSTOMER SOI 1THWFST RESEARCH 1 
P.O NO F58154BT 

SID : KC-I-B-6 MATERIAL SPEC : N/A 


WMT&R NO. : 3-55962 
ALLOY & TEMPER : Stccl-N/A 
PRODUCT THICKNESS: N/A 
I EST TYPE 0 625-C(T) N/A 
TEST DATE: 04-12-13 
TEST YIELD STR.(YS2) : 82.2 ksi 


TESTLOG : S41403 
PRODUCT: N/A 

TEST PLANE : N/A 
1 ES I TEMPERATURE : -20°F 
MODULUS : 30.0 Msi 


SPECIMEN MEASUREMENTS : 

THICKNESS (5) 

WIDTH (W) 

ORIGINAL CRACK LENGTH (c/V) 
EFFECTIVE CRACK LENGTH (ae) 
PHYSICAL CRACK LENGTH (ap) 
TOTAL CRACK LENGTH (ao) 

TYPE OF CRACK 


= 0.220 in. 

- I 252 in. 

-0 350 in. 

= 0.794 in. 

= 0.579 in. 

= 0.478 in. 

FATIGUE PRECRACKED 


CRACK LENGTHS: 

RESURFACE 
R-CENTER 
MID-CENTER 
L-C ENTER 
L-SURFACE 


■ 0.1 16 in. 
= 0.128 in. 
= 0.131 in. 
= 0.126 m. 
= 0.1 1 1 in. 


FATIGUE PRECRACKING SUMMARY 



MAXIMUM FATIGUE LOAD 

= 584 lbs 

LOAD RATIO 

= 0.1 

KF (MAX) 

FATIGUE CRACKING DAT E 

= 16 5 ksifsqrl. in.) 

CYCLES 

= 121864 

TEST RESULTS : 

MAXIMUM LOAD (Pmax.) 

- 272« bs 

DEPARTURE LOAD (PDL) 

= 934 lbs 

STRESS INTENSITY (Kc) 

= 173.9 k.si(sqit. in.) 

STRESS INTENSITY AT PD 

= 26 3 ksi(sqrt. in.) 

DISPLACEMENT AT Pmax 

= 0.0464 in. 

DISPLACEMENT AT PD 

= 0.0050 in. 

NE T SECTION STRESS (SIGMA) 

= 168.6 ksi 

K-RATE 

= 1,79 ksi(sqrt. in.)/s 

Kapp 

= 76.8 ksi(sqrt. in.) 

EFFECTIVE MODULUS 

= 28.6 Msi 

r y 

= 0.2152 in. 

E/Erff 

= 1.05 


VAI J DITY CHECKS PER ASTM E561-08cl 


1 (E561 8.6 2) THF FA TIG I IF PRFCRACK SHAU EXTEND FROM THE STARTER NOTCH BY > = 0.05 in. 

2 (E561 8.6.2) THF FATIGUE PRFCRACK MUST EXTEND BEYOND THE ENVELOPE. 

3. (F.561 8.6.3) T1 IE ORIGINAL CRACK SIZE, ao, SHALL BE WITHIN THE RANGE OF 0.35 TO 0.55W. 

Original Crack Size (ao) = 0.478 in. 0.432 in < Original Crack Size < 0.695 in 

4 (E561 9.5) APPLY A DISPLACEMENT RATE DURING THE INITIAL LINEAR PORTION OF THE FORCE C MOD 

CURVE THA I WILL RESULT IN A CHANGE IN K BETWEEN 0 5 AND 2.5 KSI. SQ RT.IN/S 
= 1.79 ksiisqrt in.)/* 

5 (F.561 8.6.5) THE REMAINING UNCRACKED LIGAMENT (W-ap) MUST BE > 4/TT(KR/YSr2. 

(W -ap) - 0.673 in. Limit = 1.722 in. 


VALID 

VALID 

VALID 

VALID 


INVALID 


TEST IS INVALID: *** KC = 173.9 ksi(sqrt in.) 


*** KAPP = 76.8 ksi(sqrt. in.) 


STEVEN ZASADNY - JD ROSSI - TOM FEDOR - KEN GALLO 

"NOTE: THE RECORDING OP FALSE, HC1 (PIOUS, OR FKAUPUli# 'STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY HP PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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'MOTE: T3 IE RECORDING Of FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE.' 
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•NOTE THE RECORDING OF FAI SF, FICTITIOUS. OR FRAUDlll. FNT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHA3I F AS A FEI ONY UNDER FFOFRAi STATUTE 


WESTMORELAND MECHAN ICAL TESTING & RESEA RCH. Inc . 

LOAD vs CRACK OPENING DISPLACEMENT Phone 724-537-31 31 

Customer: Southwest Research WMT&R Report: 3-55962 

SID: KC-l-B-4 P.O. No : F58154BT 

WMT&R Quote No.: QN121622 Rev.1 
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CRACK OPENING DISPLACEMENT (in) 


AO SMITH 1146a 
J,c FRACTURE TOUGHNESS 


ID 

Layer 

Orientation 

Temp 

J-l-B-1 

Inner 

L-T 

RT 

J-l-B-2* 

-20°F 

J-O-B-1 

Outer 

L-T 

RT 

J-O-B-2 

-20°F 


* Specimen data sheet inadvertently refers to repeated Specimen ID J-l-B-1. 
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•'Wes t more [and [M echanicaC ‘Testing (Research, Inc. 

P.O.'Bo.\388; 221 West-more kind Drive 
Youngstown, <PJ4 13696-0388 V.SA. 

‘Telephone: 724-537-3131 Ta.\: 724-537-3151 

Website: www.wmtr.com E-Mail: admn@wmtr.com 

WiMTWK, is a technical leader in the material' testing industry. 


WMT&R Report 3-55962 

P.O.No. F58154BT 

WMT&R Quote QN121622 Rev. 1 


Subject: J-Tntegral Test Results 

Introduction: 

Four (4) contact tension specimens submitted as Steel material were received by Westmoreland Mechanical 
Testing and Research, Inc. for J-Integral testing per ASTM E1820-1 1. The specimens were machined to a nominal 
width (fV) measuring 1.00 in., fatigue precracked to a final a/W of approximately 0.50, and then side grooved to a 
depth equal to 20% of the nominal thickness (10% per side). 

Two (2) specimens were tested at room temperature and two (2) at -20°F. The specimens were tested using an 
Instron servo-hydraulic test stand and an automated computer controlled testing procedure. Analysis of the test data 
was done using tensile data provided by Southwest Research Institute. 

Results are summarized in Table 1. 

Data sheets containing validity and tabular data are enclosed for the specimens. Graphs of J vs. a and Force vs. 
COD are also included. 

If you have any questions concerning this report, please feel free to contact me. If I am unavailable, you may also 
speak with Mr. Douglas M. Bruce, Materials Engineering Manager. 


L-- 


mr 

K:\JERRYO W5 5962J, SOU.DOC 



Gerald W. Boice 
R&D Manager 



June 14, 2013 

Southwest Research Institute 
6220 Culebra Road 
P.O. Drawer 28510 
San Antonio, TX 78238 


Attention: Mr. Carl Popelar 


“NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER 

FEDERAL STATUTE." 

THIS CERTIFICATE OR REPORT SHALL NOT BE REPRODUCED EXCEPT IN FULL WITHOUT THE WRITTEN APPROVAL OF WMT&R, INC 

Testing Specialists for Aerospace, Automotive, and 'Material Testing ‘ Fields 
Locations in 'Youngstown, PA ‘V.SJ4. — Tel (724) 537-3131 and 
'Banbury, 0.\on 'V. K. — TeL +44 (0) 1295 261211 


Westmoreland Mechanical Testing & Research, Inc. 

Table 1 : J1C Results (ASIM E1820-11) Phone (724) 537-3131 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone (724) 537-3131 Fax: (724) 537-3151 Email: admm@wmtr.gom 

J-INTEGRAL TEST REPO RT (ASTM E1820) 

PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO. : 3-55962 
P.O. NO. : F58154BT 
SID: J-l-B-1 
TESTLOG : S70801 
TEST DATE : 5/7/2013 
SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (B) : 0.324 in 

NET THICKNESS (fl v ) : 0.258 in 

EFFECTIVE THICKNESS (B t ) : 0.311 in 
WIDTH (»') : 1.002 in 

UNCRACKED LIGAMENT (/>„ ) : 0.492 in 
NOTCH LENGTH (e„) : 0.457 in 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

178 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.505 in 

0.509 m 

0.511 in 

0.513 in 

0.515 in 

0.512 in 

0.510 in 

0.507 in 

0.503 in 

FINAL CRACK LENGTHS : 

Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.562 in 

0.567 in 

0.561 in 

0.564 in 

0.586 in 

0.590 in 

0.575 in 

0.580 in 

0.577 in 


PRECRACK AVERAGE 

: 0.5101 in 

FINAL AVERAGE 

: 0.5741 in 



PRECRACKa/W 

: 0.5091 

FINAL a/W 

: 0.5729 



FATIGUE PRECRACKING SUMMARY 





STARTING 

: 574 lb 

FINAL />„„ 

: 506 lb 

R-RATIO (/>„,„ /P mm ) 

: 0.1 

CYCLES 

: 110737 

FINAL 

: 15.50 ksi(m) l<2 



ORIGINAL CRACK 


FINAL CRACK 


MODULUS 


PHYSICAL CRACK SIZE (a. ) 

: 0.5101 m 

PHYSICAL CRACK SIZE (a, ) 

: 0.5741 in 

MODULUS 

: 31.15 Msi 

EST. CRACK SIZE (a^ ) 

: 0.5099 in 

EST CRACK SIZE (v*™ ) 

: 0.5757 in 

EFFECTIVE MODULUS 

: 31.18 Msi 

PERCENT DIFFERENCE 

: 0.04 % 

PERCENT DIFFERENCE 

: 0.29 % 

PERCENT DIFFERENCE 

: 0.10% 

VALIDITY CHECKS PER ASTM E1820-11 






1 . (7.4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS VALID 

THE FATIGUE CRACK, a/W) SHALL BE BETWEEN 0 45 AND 0.70 

a/W =0.5091 

2. (9.1. 5.2) DIFFERENCE BETWEEN PREDICTED fAa _.- J -A AND MEASURED (An, ) CRACK EXTENSION SHALL VALID 

NOT EXCEED 0.15 A a p FOR CRACK EXTENSIONS LESS THAN 0.2 6, AND 0.03 6. THEREAFTER 

Difference ^0.0019 in 0.15AHJ, = 0,0096in 

3. (A9.7.2.1)a„, SHALL NOT DIFFER FROM e„ BY MORE THAN THE LARGER OF 0.01 W OR 0.0197 IN. VALID 

Difference - 0.0002 in Limit = 0.0197 in 

4. (A9.7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE ii„ SHALL BE > 8; NUMBER OF DATA BETWEEN VALID 

0.4J e AND Jq SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

a ^ Points ~ 42 Data Points = 16 C.C. = 0. 99916 


5. (A9.7.1) POWER COEFFICIENT C 2 SHALL BE LESS THAN 1 .0 VALID 

C 2 - 0.5884 

6. (A9.8.1) THICKNESS, B > 10 J Q /o r VALID 

B - 0 3240 in 102 e /a r =0.0843 in 

7. (A9.8.2) INITIAL LIGAMENT, b 0 > 102 0 /<x r VALID 

b a “0.4919 in I02 c /tr r "0.0843 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN AND a AND J „ ma VALID 

Data Points = 45 


9. (A9.6.4) AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. VALID 

AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.02-in OFFSET LINE AND THE 0.06-in EXCLUSION LINE. 

TEST IS VALID: J lQ = 848.82 in-lb/in 2 . 

Kjj c = 170.46 ksi(in) 1/2 ^ 

GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: TI IE RECORDING OF FALSE, FICnTIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FF.IONY UNDER FEDERAL STATUTE." 


MATERIAL : STEEL 


WMT&R QUOTE : QN 121 622 REV. 1 


TEST TEMPERATURE 
TEST TYPE 
ORIENTATION 
TEST MACHINE 
CLIP GAGE 

CLIP GAGE LOCATION 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.15 Msi 
ULTIMATE STRENGTH : 1 19.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON’S RATIO 0.300 
TEST PARAMETERS 


75°F MAIN RAMP RATE 

CT PARTIAL LOADING RATE 

T-L PARTLAL UNLOADING RATE 

HI UNLOADING INTERVAL 

I0277363C HOLDTIME 

LOAD LINE OPERATOR 


0.01 in/min 
0.01 in/min 
0.01 in/min 
0.0005 in 
5.0 sec. 

CHRIS HICKINS 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Texting Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone; (724) 537-3131 Fax:(724)537-3151 Email: admin@wmtr.com 

GENERAL V ALIDITY CHECKS (ASTM El 820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&RNO. : 3-55962 

P.0. NO. : F58154BT 

SID : J-I-B-l 

TESTLOG : S70S0! 

TEST DATE : 5/7/2013 


MATERIAL : STEEL 

WMT&R QUOTE : QN121622 REV. 1 


SPECIFICATION : ASTM E1820-1 1 
MODULUS: 31.15 Msi 
ULTIMATE STRENGTH : 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON'S RATIO : 0 300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (R) : 0.324 in 

NF.T THICKNESS (fly) : 0.258 in 

EFFECTIVE THICKNESS (fl, ) : 0.31 1 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE : CT 

ORIENTATION : T-L 

TEST MACHINE : HI 

CLIP GAGE : I0277363C 

CLIP GAGE LOCATION : LOAD LINE 


WIDTH (IF) : 1.002 in 

UNCRACKED LIGAMENT (*„ ) : 0.492 in 

NOTCH LENGTH («„) : 0.457 in 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.01 in/min 
0 01 in/min 
0.01 m/min 
0.0005 in 
5.0 sec. 

CHRIS HICK INS 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1 /4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.505 in 

0.509 in 

0.511 in 

0.513 in 

0.515 in 

0.512 in 

0.510 in 

0.507 in 

0.503 in 

FINAL CRACK I 

.ENGTHS : 



Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.562 in 

0.567 in 

0.561 in 

0.564 in 

0.586 in 

0.590 in 

0.575 in 

0,580 in 

0.577 in 


PRECRACK AVERAGE : 0.5101 in FINAL AVERAGE : 0 5741 in 

PRECRACK a/W : 0.5091 FINAL a/W : 0.5729 


FATIGUE PRECRACKING SUMMARY 

STARTING :5741b FINAL :5061b R-RATIO (P m „ / P „) 

CYCLES : 110737 FINAL : 15.50 ksi(in) w 


TEST CURVE RESULTS 

MAXIMUM FORCE ) : 1948.1 lb 

GENERAL VALIDITY CHECKS PER ASTM E1820-1 1 

1 (74.5.1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 

THAN 0.05R , AND NOT LESS THAN 0.05 IN 

Extension = 0.0531 in 0.055 = 0.0162 in 

2. (7.4.5. 1) FOR THE FIRST STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY (A^,) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY K max - (gyj / a )(0.4a rf ksixln) . WHERE oj AND<r re ' ARE THF. MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied - 15.0 ksi(in) 1 ' 2 A',.„ Limit = 32.9 ksifin) 1 " 

3. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING, THEAT,„ APPLIED TO THE SPECIMEN SHALL BF. LIMITED BY VALID 

= 9.6 (a K ! /er n -') * K WHERE K p = K , e , Kjqc. OR K -q,, . DEPENDING ON THE RESULT OF THE TEST 
Applied » 15.5 ksifin) 1 ^ K„ a Limit = 102.3 ksi(in) 1 ' 2 

4. (9.1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFERBY MORE THAN VALID 

0.055 FROM THE AVERAGE a „ 

Maximum Difference = 0.0071 in 0.055 = 0.0162 in 

5. (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VALID 

THAN 0.055 FROM THE AVERAGE a p 

Maximum Difference* 0.0159 in 0.055 = 0.0162in 

6. (9.1.5. L) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension - 0.0500 in 50% of the Average = 0.0320 in 


ALL GENERAL VALIDITY CHECKS ARE VALID 




y 


GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE KECORDINC OF FALSE. FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISI IABLE AS A 

FELONY UNDER FEDERAL STATUTE" 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin&wmtr.com 

K, c DETERMINATION (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO : 3-55962 

P.O, NO. : F58154BT 

SID : J-i-B-1 

TESTLOG : S70801 

TEST DATE : 5/7/2013 


MATERIAL : STEEL 

WMT&R QUOTE : QN121622 REV. 1 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.15 Msi 
ULTIMATE STRENGTH : 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (ft) : 0.324 in 

NET THICKNESS (R ») : 0.258 in 

EFFECTIVE THICKNESS (fl,) : 0.31 1 m 

WIDTH (IF) :1.002 m 

UNCRACKED LIGAMENT ) : 0 492 in 

NOTCH LENGTH (a, ) : 0.457 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE :CT 

ORIENTATION : T-L 

TEST MACHINE : HI 

CLIP GAGE : 10277363C 

CUP GAGE LOCATION : LOAD LINE 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.01 in/min 
0.01 in/min 
0.01 in/min 
0.0005 in 
5.0 sec. 

CHRIS HICKfNS 


PHYSICAL CRACK LENGTHS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1 /2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.505 in 

0.509 in 

0.511 in 

0.513 in 

0.515 in 

0.512 in 

0.510 in 

0.507 in 

0.503 in 

FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.562 in 

0.567 in 

0.561 in 

0.564 in 

0.586 in 

0.590 in 

0.575 in 

0.580 in 

0.577 in 

PRECRACK AVERAGE 

.0.5101 in 

FINAL AVERAGE 

: 0.5741 in 




PRECRACK a'W 


: 0.5091 

FINAL a'W 


: 0.5729 





FATIGUE PRECRACKING SUMMARY 

STARTING P„„, :5741b 

FINAL r maJ , 506 lb 

FINAL A' : 15.50 ksi(in) u 


R-RATIO (/>„,„ IP 

HUU ) 

CYCLES 


: 0.1 

: 110737 


TEST RESULTS 

CANDIDATE FORCE (P a ) :1025.91b MAXIMUM FORCE (P m ) :1948.11b 

g Q : 35.2 ksitin) 172 SPECIMEN STRENGTH RATIO : 1.91 

VALIDITY CHECKS PER ASTM E1820-1 1 

1. (7 .4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, ti/ff') MUST BE BETWEEN 0.45 AND 0.55 

a/W = 0.5091 

2. (A5.4.2) THE RATIO P^/P q MUSTBES 1.10 

Pm^/Pg = 1.8990 

3. (A5.4.3) THE QUANTITY 2.5 (K Q /cr n ) ‘ . WHERE <s n IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, k 

2.5(K s /o n ) 2 - 0.4590 in b „ = 0.49 1 9 in 

4. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING, THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 

= 0.6(<r n l /<,„' ) “Hr. WHERE Kf =K Q 

K max Applied =15.5 ksilin)" K„„, Limit = 2I.l ksi(in) 1 ' 7 


VALID 


INVALID 

VALID 


VALID 


TEST IS INVALID: Kq = 35.2 ksi(in) 12 

GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE.' 
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J-l-B-2* 


AO SMITH 1146a 
INNER LAYER 

J,c FRACTURE TOUGHNESS 
L-T 
-20°F 


• The following data sheets inadvertently refer to 
repeated Specimen ID J-l-B-1 . 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear T'ields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin@wmtr.com 

J-1NTEGRAL TEST REPORT (A STM E1820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO. : 3-55962 

P.O.NO. : FSS154BT 

SID : J-I-B-l 

TESTLOG : S70802 

TEST DATE: 5/13/2013 


MATERIAL : STEEL 

WMT&R QUOTE : QNI21622 REV.t 


SPECIFICATION : ASTM E1S20-U 
MODULUS : 31.93 Msi 
ULTIMATE STRENGTH : 1 19.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS TEST PARAMETERS 


TOTAL THICKNESS (It) 

0.324 in 

TEST TEMPERATURE 

-20*F 

MAIN RAMP RATE 

0.02 in/min 

NET THICKNESS (Bx) 

0.258 in 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

0.02 in/min 

EFFECTIVE THICKNESS (if,) 

0.311 in 

ORIENTATION 

T-L 

PARTIAL UNLOADING RATE 

0.02 in/min 

WIDTH (IF) 

1.001 in 

TEST MACHINE 

1120 

UNLOADING INTERVAL 

0.0005in 

UNCR ACKF.D LIGAMENT (6, ) 

0.503 in 

CLIP GAGE 

1261635 

HOLDTIME 

5.0 see. 

NOTCH LENGTH (a, ) 

0.454 in 

CLIP GAGE IX)CATION 

LOAD LINE 

OPERATOR 

DAVE KALO 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Poinl 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.494 in 

0.498 in 

0.499 in 

0.499 in 

0.499 in 

0.499 in 

0.500 in 

0.499 in 

0-494 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.591 in 

0.578 in 

0.565 in 

0.535 in 

0.516 in 

0.550 in 

0.556 in 

0.584 in 

0.602 m 


PRECRACK AVERAGE 

: 0.4984 in 

FINAL AVERAGE 

: 0.5601 in 



PRECRACK a/W 

: 0.4979 

FINAL a/W 

: 0.5595 



FATIGUE PRECRACKING 

SUMMARY 





STARTING 

: 577 lb 

FINAL. 

: 506 lb 

R-RATIO (P m h, / P nag) 

: 0.1 

CYCLES 

: 95238 

FINAL K. rx 

: 14.98 ksi(in) 1 -' 2 



ORIGINAL CRACK 


FINAL CRACK 


MODULUS 


PHYSICAL CRACK SIZE ( a 0 ) 

: 0.4984 in 

PHYSICAL CRACK SIZE (a,) 

: 0.5601 in 

MODULUS 

: 31.93 Msi 

EST. CRACK SIZE ( a ^ ) 

: 0.4984 in 

EST. CRACK SIZE (a^^,) 

: 0.5659 in 

EFFECTIVE MODULUS 

: 31.93 Msi 

PERCENT DIFFERENCE 

: 0.00 % 

PERCENT DIFFERENCE 

: 1.04% 

PERCENT DIFFERENCE 

: 0.00 % 

VALIDITY CHECKS PER ASTM El 820-1 1 






1. (7.4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS VALID 

THE FATIGUE CRACK, a/W) SHALL BF. BETWEEN 0.45 AND 0.70 

a/W =0.4979 

2. (9.1 .5.2) DIFFERENCE BETWEEN PREDICTED (Aa AND MEASURED (Ao_„ ) CRACK EXTENSION SHALL VALID 

NOT EXCEED 0.15 tut, FOR CRACK EXTENSIONS LESS THAN 0.2 6. AND 0.03 b, THEREAFTER 

Difference = 0 0058 in 0.15 A: ,, =0.0092 in 

3. (A9.7.2.1)fl„, SHALL NOT DIFFER FROM a„ BY MORE THAN THE LARGER OF 0.01 B' OR 0.0 197 IN. VALID 

Difference = 0.0000 in Limit = 0.0197 in 

4. (A9.7.2.2) NUMBER OF DAI A AVAILABLE TO CALCULATE SHALL BE > 8; NUMBER OF DATA BETWEEN VALID 

0.4.7 q AND7 e SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

a ^Points = 53 Data Points = 20 C.C. = 0.99595 


5. (A9.7.1 ) POWER COEFFICIENT Cj SHALL BE LESS THAN 1 .0 VALID 

Cj =0.6647 

6. (A9 8.1) THICKNESS, B > \0J o l<r r VALID 

B = 0.3240 in 10 > Q to Y = 0.0824 in 

7. (A9.8.2) INITIAL LIGAMENT, b 0 » WJ B hr y VALID 

6„=0,S026in IO/ 0 /ir y = 0.0824 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN AND a,„ u AND J u „„ VALID 


Data Points = 83 

9. (A9.6.4) AT LEAST ONEU-da POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. 
AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0 02-in OFFSET LINE AND THE 0.06-in EXCLUSION LINE. 


TEST IS INVALID: J Q = 829.57 in-lb/in 2 
K jq = 170.61 ksi(in) 1; 



GF.RALD W. BOICE - THOMAS S. FEDOR 


"NOTE: TI IE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL SI ATUTF." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace f Automotive , and Nuclear Fields 
Phone: (724) 537-3131' Fax: (724) 537-3151 Email: admin@wmtT.com 

GENERAL VALIDITY CHECKS (ASTM E 1 820) 


PRELIMINARY INFORMATION 

CUSTOM HR : SOUTHWEST RESEARCH 

WMT&R NO : 3-55962 

PO. NO : F58154DT 

SID : J-I-B-l 

TESTLOG : S70802 

TEST DATE : 5/1 3/20 13 


MATERIAL . STEEL 

WMT&R QUOTE : QN121622 REV.l 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.93 Msi 
ULTIMATE STRENGTH : 1 19.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON’S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 0.324 in 

NET THICKNESS ( B » ) : 0.258 in 

EFFECTIVE THICKNESS (2*, ) : 0.3 1 1 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20 C F 

TEST TYPE : CT 

ORIENTATION : T-L 

TEST MACHINE : H20 

CLIP GAGE : 1261635 

CLIP GAGE LOCATION LOAD LINE 


WIDTH (HO : 1.001 in 

UNCRACKED LIGAMENT (b 0 ) : 0.503 in 
NOTCH LENGTH (a„ ) : 0.454 in 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in'mm 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

DAVE KALO 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.494 in 

0.498 in 

0.499 in 

0.499 in 

0.499 in 

0.499 in 

0.500 in 

0.499 in 

0.494 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.591 in 

0.578 in 

0.565 in 

0.535 in 

0.516 in 

0.550 in 

0.556 in 

0.584 in 

0 602 in 


PRECRACK AVERAGE : 0.4984 in FINAL AVERAGE : 0.5601 in 

PRECRACK a/W : 0.4979 FINAL a/W : 0.5595 


FATIGUE PRECRACKING SUMMARY 

STARTING :5771b FINAL P^ :506 1b R-RATIO (P mtn /P^) :0.I 

CYCLES : 95238 FINAL : 14.98 ksi(in) 1 ' 5 


TEST CURVE RESULTS 

MAXIMUM FORCE (P^,) : 210301b 

GENERAL VALIDITY CHECKS PER ASTM El 820-11 

1 (7.4.5 I ) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS INVALID 

THAN 0.050, AND NOT LESS THAN 0 05 IN. 

Extension * 0.0444 in 0.052* = 0.0162 in 

2. (7.4.5. 1 ) FOR THE FIRST STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY ) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY - (a rs’ /ff n ‘ )(0.4o ksi'Jm) , WHERE c n ! AND ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied = 15.0 ksi(in) 1 ' 2 K m „, Limit = 32.9 ksiOn) 1 " 

3. (7.4.5 2) FOR THE SECOND STEP OF PRECRACKING, THE X„„ APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

K™, = 0 6 (oyj /o n ‘) * K f WHERE Kf - Kjq. K jqc . OR Kj^. DEPENDING ON THE RESULT OF THE TEST 

Kmax Applied* IS.Oksitin) 1 ' 2 K mtl , I.imit= 102.4 ksilin)^ 2 

4. (9 1 4 I) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.050 FROM THE AVERAGE o„ 

Maximum Difference « 0.0044 in 0.052* = 0.0162 in 

5. (9 1 4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE INVALID 

THAN 0.052* FROM THE AVERAGE a p 

Maximum Difference = 0.0441 in 0.052* = 0.0162 in 


6 (9.1 .5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE INVALID 

AVERAGE CRACK EXTENSION 


Minimum Extension =0.0170 in 


50% of the Av erage ■ 0.0308 in 


ALL GENERAL VALIDITY CHECKS ARE NOT 


VALID 


-A t-J-L ^ 

GERALD W. BOICE - THOMAS S. FEDOR 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive , and Nuclear Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin&wm tr.com 

K k . DETERMINATION (ASTM E1820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO. : 3-55962 
P.O. NO. : F58154BT 
SID : J-l-B-I 
TESTLOG : S70802 
TEST DATE : 5/13/2013 
SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 0.324 in 

NET THICKNESS (B n ) : 0.258 in 

EFFECTIVE THICKNESS (B c ) : 0.3 1 1 in 

WIDTH (If') : 1.001 in 

UNCRACKED IJGAMENT ( b 9 ) : 0.503 in 

NOTCI I LENGTH (cj : 0 454 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : T-L 

TEST MACHINE : H20 

CUP GAGE : 1261635 

CUP GAGE LOCATION : LOAD I INE 


MATERIAL : STEEL 

WMT&R QUOTE : QN121622 REV.l 


MAIN RAMP KATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.93 Msi 
ULTIMATE STRENGTH : 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON’S RATIO : 0.300 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

DAVE KALO 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.494 in 

0.498 in 

0.499 in 

0.499 in 

0.499 in 

0.499 in 

0.500 in 

0.499 in 

0.494 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.59! in 

0.578 in 

0.565 in 

0.535 in 

0.516 in 

0.550 in 

0.556 in 

0.584 in 

0.602 in 

PRECRACK AVERAGE 

: 0.4984 in 

FINAL AVERAGE 

: 0.5601 in 




PRECRACK a/W 


: 0.4979 

FINAL a/W 


: 0.5595 





FATIGUE PRECRACKING SUMMARY 



STARTING P max 

: 577 lb 

R-RATIO (P**, /P^) 

: 0.1 

FINAL P^ 
FINAL 

TEST RESULTS 

: 506 lb 

: 14.98 ksi(in) 1 * 2 

CYCLES 

: 95238 

CANDIDATE FORCE (P 0 ) 

: 1196.9 lb 

MAXIMUM FORCE (P^ ) 

: 2103.0 

k q 

: 39.7 ksi(in) 1 '' 2 

SPECIMEN STRENGTH RATIO 

: 1.96 


VALIDITY CHECKS PER ASTM E1820-11 

1 (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, a/W) MUST BE BETWEEN 0.45 AND 0.55 
a/W = 0.4979 

2. (A5.4.2) THE RATIO P^/Pq MUST BE <1.10 

= 1.7571 

3. (A5.4.3) THE QUANTITY 2.5 <K Q /a n ) 1 , WHERE a rs IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, & 

2.5 (K e /<r„) 1 = 0.5833 in b c = 0.5026 in 

4. (7.4.5 2) FOR THE SECOND STEP OF PRECRACKING, THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 

-0.6 fa^ /ays') *A> WHEREAT/- - Kq 

K^ Applied = 15.0 tei(m) IH Limit - 23.8 ksi(in)” 


VALID 


INVALID 

INVALID 


VALID 


TEST IS INVALID: Kq = 39.7 ksi(in) 1/2 


GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OK FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear fields 


Phone: (724) 537-3131 


Fax: (724) 537-3151 


Email: admin@wmtr.com 


J-INTEGRAL TEST REPORT (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&RNO. : 3-55962 
P.O. NO. : F58154BT 
STD : J-O-B-l 
TESTLOG : S70803 
TEST DATE : 5/7/2013 
SPECIMEN MEASUREMENTS 


MATERIAL : STEEL 


WMT&R QUOTE : QN121622 REV.I 


SPECIFICATION : ASTM EI820-11 
MODULUS: 31.92 Msi 
ULTIMATE. STRENGTH : 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRF.NGT11 : 100.7 ksi 
POISSON'S RATIO 0 .300 
TEST PARAMETERS 


TOTAL THICKNESS (5) 

0.251 in 

TEST TEMPERATURE 

75“F 

MAIN RAMP RATE 

NET THICKNESS (B K ) 

0.179 in 

TEST TYPE 

CT 

PARI LAL LOADING RATE 

EFFECTIVE THICKNESS ( B e ) 

0.230 in 

ORIENTATION 

L-T 

PARTLAL UNLOADING RATE 

WIDTH ( W ) 

1.003 in 

TEST MACHINE 

HI 

UNLOADING INTERVAL 

UNCRACKED LIGAMENT (h a ) 

0.4% in 

CLIP GAGE 

10277363C 

IIOLDTIME 

NOTCH LENGTH (a„ ) 

0.458 in 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 


PHYSICAL CRACK LENGTHS 


Side 1 

1/8 Point 

1/4 Point 

3^8 Point 

1/2 Point 

5/8 Point 

0.499 in 

0.504 in 

0.505 in 

0.507 in 

0.510 in 

0.508 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1 /4 Point 

3/8 Point 

l /2 Point 

5/8 Point 

0.543 in 

0.551 in 

0.561 in 

0.570 in 

0.581 in 

0.593 in 


3/4 Point 


0.509 in 


7/8 Point 


0.511 in 


3'4 Point 


7/8 Point 


0.612 in 


0.623 in 


PRECRACK AVERAGE : 0.5071 in 

PRECRACK u/W : 0 .5056 

FATIGUE PRECRACKING SUMMARY 

STARTING P m : 443 lb 

CYCLES : 111236 

ORIGINAL CRACK 

PHYSICAL CRACK SIZE («„ ) : 0.5071 in 

EST. CRACK SIZE (j, ) : 0.5071 in 

PERCENT DIFFERENCE : 0.00 % 


FINAL AVERAGE : 0 5843 in 

FINAL a/W : 0.5825 

FINAL P^ : 389 lb 

FINAL : 15 21 ksi(in) 1 ' 

FINAL CRACK 

PHYSICAL CRACK SIZE (a,) : 0.5843 in 

EST. CRACK SIZE 6 » ) : 0.58 1 6 in 

PERCENT DIFFERENCE : 0.45 % 


R-RATIO 

MODULUS 

MODULUS 

EFFECTIVE MODULUS 
PERCENT DIFFERENCE 


VALIDITY CHECKS PER ASTM E1820-11 

1 (7.4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THF. CRACK STARTER CONFIGURATION PLUS 
THE FATIGUE CRACK. a,'W) SHALL BE BETWEEN 0.45 AND 0.70 
a/W = 0.5056 

2. (9. 1.5.2) DIFFERENCE BETWEEN PREDICTED (Aa r „ M ) AND MEASURED ( An,, I CRACK EXTENSION SHALL 
NOT EXCEED 0.15 &a„ FOR CRACK EXTENSIONS LESS THAN 0.2 i>„ AND 0.03 THEREAFTER 

Difference = 0.0026 in 0.15 An, =0.0U6in 

3. (A9.7.2.1)n^ SHALL NOT DIFFER FROM a 0 BY MORE THAN THE LARGER OF 0 01 W OR 0.0197 IN. 

Difterence = 0.0000 in limit = 0.0197 in 

4. (A9.7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE SHALL BE > 8; NUMBER OF DATA BETWEEN 
QAJ q ANDd e SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

a ^ Points = 1 9 Data Points = 6 C.C. = 0.99825 

5. (A9.7. 1 ) POWER COEFFICIENT C, SHALL BE LESS THAN 1 .0 

C; = 0.5656 

6. (A9.8.1) THICKNESS, B>\ 0J Q /a r 

B = 0 25 10 in 102 p/o-jr =0.0625 in 

7. (A9.8.2) INITIAL LIGAMENT, b 0 > \0J e /<r r 

,*>„ = 0.4959 in 1 0J v /a r - 0.0625 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN iu. AND a , M , AND J 

Data Paints = 18 

9. (A9.6.4) AT LEAST ONE ./-/la POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. 
AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.02-in OFFSET LINE AND THE 0.06-in EXCLUSION LINE. 


TEST IS INVALID: J y = 629.19 in-lb/in 
K jq = 148.56 ksi(in) 


jL± 


0.01 in/min 
0.01 in/min 
0.01 in/min 
0.0005 in 
50 sec. 

CHRIS HICKINS 


Side 2 


0.507 in 


Side 2 


0 623 in 


: 3 1.92 Msi 
: 31.92 Msi 
0.00 % 

VALID 


VALID 


VALID 


VALID 


VALID 


VALID 


VALID 


GETTaLL) W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE. FICTITIOUS, OR FRAUDULENT Sr ATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISH ABIE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive , and Nucleur Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin'&v/m tr.com 

GENERAL VALIDITY CHECKS (A STM E182U) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH 

WM l&K NO. : 3-55962 

P.O. NO. : F58154DT 

SID: J-O-B-l 

TESTLOG : S70803 

TEST DATE : 5/7/2013 

SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (#) : 0.25 1 in 

NET THICKNESS (B s ) : 0.179 in 

EFFECTIVE THICKNESS (#, ) : 0.230 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE : CT 

ORIENTATION . : L-T 

TEST MACHINE : HI 

CLIP GAGE : 10277363C 

CUP GAGE LOCATION : LOAD LINE 


MATERIAL : STEEL 

WMT&R QUOTE : QN 1 2 1622 REV. I 


WIDTH {W) 

UNCRACKED LIGAMENT (b 0 ) 
NOTCH LENGTH (<7.) 

MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL. 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM El 820-1 1 
MODULUS: 31.92 Msi 
ULTIMATE STRENGTH: 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON’S RATIO : 0.300 

: 1.003 in 
: 0.496 in 
: 0.458 in 

: 0.01 in/min 
: 0.01 in/min 
: 0.01 in/min 
: 0.0005 in 
: 5.0 sec. 

: CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0 499 in 

0.504 in 

0.505 in 

0.507 in 

0.510 in 

0.508 m 

0.509 in 

0.51 1 in 

0.507 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.543 in 

0.551 in 

0.561 in 

0.570 in 

0.581 in 

0.593 in 

0.612 in 

0.623 in 

0.623 in 


PRFCRACK AVERAGE : 0.5071 in FINAL AVERAGE 

PRFCRACK a/W : 0.5056 FINAL u/W 


FATIGUE PRECRACKING SUMMARY 

STARTING : 443 lb FINAL P ^ 

CYCLES : 111236 FINAL 


: 0.5843 in 
: 0.5825 

: 389 1b R-RATIO (P m{M fP mm ) : 0. 1 

15.21 ksi(in)‘ Q 


TEST CURVE RESULTS 

MAXIMUM FORCE : 2067.3 lb 

GENERAL VALIDITY CHECKS PER ASTM El 820-1 1 

1. (7 4.5.1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM TIIE MACHINED NOTCH SHALL NOT BE LESS INVALID 

THAN 0.05R , AND NOT LESS THAN 0.05 IN. 

Extension = 0.0491 in 0.05# = 0.0126 in 

2. (7 4.5.1 ) FOR THE FIR$T STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY (A^) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY - «r n ' /b,/)(0.4o, j' ksNin) , WHERE a AND ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied - 15.0 ksHin) 1 ' 2 Limit = 32.9 ksi(in) 1 * 

3. (7 4.5.2) FOR THE SECOND STEP OF PRECRACKING, THE APPLIED TO THE SPECIMEN SHALL DE LIMITED BY VALID 

06 (o a ' ♦ K r WHERE A> -Kjq. Kjqc, ORA'^,. DEPENDING ON THF. RESULT OF THE TEST 

Kma* Applied - 1 5.2 ksi(in) ,, ‘' K Limit “ 89.1 ksi(in) iC 

4. (9.1.4.l)NONEOF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.05ft FROM THE AVERAGE c„ 

Maximum Difference = 0 008 1 in 0.05# = 0.0126 in 

5. (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE INVALID 

THAN 0.05# FROM THE AVERAGE a p 

Maximum Difference = 0.0413 in 0.05# = 0.0126 in 

6. (9. 1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THF VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension * 0.0440 in 50% of the Average = 0.0386 in 


ALL GENERAL VALIDITY CHECKS ARE NOT VALID 



GERALD W. BOICE - THOMAS S. FEDOR 


'NOTE; DIE RECORDING OF FALSE, FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 


Phone: (724) 537-3131 


Fax: (724) 537-3151 

Email: admiMSwmtr.com 

K|, DETERMINATION (ASTM E1820) 

PRELIMINARY INFORMATION 



CUSTOMER : SOUTHWEST RESEARCH 

SPECIFICATION : ASTM El 820-11 

WMT&R NO. : 3-55962 


MATERIAL : STEEL 

MODULUS: 31.92 Msi 

P.O. NO. : F58154DT 


ULTIMATE STRENGTH : 1 19.1 ksi 

SID : J-O-D-l 


WMT&R QUOTE : QN121622 REV.l 

YIELD STRENGTH : 82.2 ksi 

TESTLOG : S70803 


EFFECTIVE YIELD STRENGTH : 100.7 ksi 

TEST DATE : 5.7/2013 


POISSON’S RATIO : 0.300 

SPECIMEN MEASUREMENTS 



TOTAL THICKNESS (B) 

0.251 in 



NET THICKNESS (fl v ) 

0.179 in 



EFFECTIVE THICKNESS [B, ) 

0.230 in 



WIDTH ( W ) 

1.003 in 



UNCRACKED LIGAMENT (b 0 ) 

0.496 in 



NOTCH LENGTH (a.) 

0.458 in 



TEST PARAMETERS 




TEST TEMPERATURE 

75°F 

MAIN RAMP RATE 

0.01 in/min 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

0.01 in/min 

ORIENTATION 

L-T 

PARTIAL UNLOADING RATE 

0.0 1 in/min 

TEST MACHINE 

HI 

UNLOADING INTFRVAL 

0.0005 in 

CLIP GAGE 

I0277363C 

HOLDTIME 

5 0 sec. 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 

CHRIS llICKJNS 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.499 in 

0.504 in 

0.505 in 

0.507 in 

0.510 in 

0.508 in 

0.509 in 

0.51 1 in 

0.507 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1 /4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3^4 Point 

7/8 Point 

Side 2 

0.543 in 

0.551 in 

0.561 in 

0.570 in 

0.581 in 

0.593 in 

0.612 in 

0.623 in 

0.623 in 


PRECRACK AVERAGE 

: 0.5071 in 

FINAL AVERAGE : 0.5843 in 


PRECRACK a/W 

: 0.5056 

FINAL a/W 

: 0.5825 


FATIGUE PRECRACKING SUMMARY 




STARTING 

: 443 lb 


R-RAMO(/\*, / P 

: 0.1 

FINAL 

: 389 lb 


CYCLES 

: 111236 

FINAL 

: 15.21 ksi(in) 1 ' 2 




TEST RESULTS 





CANDIDATE FORCE (P Q ) 

: 1176.9 lb 


MAXIMUM FORCE (P^) 

: 2067.3 lb 

k Q 

: 54.5 ksi(in) 1,2 


SPECIMEN STRENGTH RATIO 

: 2.87 


VALIDITY CHECKS PER ASTM E1820-1 1 

! . (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE VALID 

FATIGUE CRACK, a/W) MUS T BE BETWEEN 0.45 AND 0.55 
a!W = 0.5056 

2. (A5.4.2) THE RATIO MUSTBE< 1.10 • INVALID 

P^,/Pq - 1.7565 

3. (A5 4.3) THE QUANTITY 2.5 (Kg/tr„) 1 , WHERE a IS THE 0.2% OFFSET' YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, % 

1.5(K a /<r„) 2 = 1.0986 in 6„ = 0.4959 in 

4. (7.4.S.2) FOR THE SECOND STEP OF PRECRACKING, THE A„.„ APPUED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

-0.6<o„’ /<•„') WHERE*, -A s 

K mat Applied - 15.2 ksi(in) ,/2 Limit - 32.7 ksi(in) 1 '^ 


TEST IS INVALID: = 54.5 ksi(in) ,/z 

GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE. RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRUS ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 



137 


ii. 


u 

C 


d 

u 

N 
rj 
0> 

(A 

o> 

PS fi 

be 

C 

• l-H 

OJ 

H 

« 

u 

C 

rj 

X 

u 

0) 

S| 

73 “ 
e g 
jg I 

QJ 5 

o c 


i 

Cf> 

0> 

5 


> 

U-3 


O' 

as 

4 


5 


c«t — © 
8 » £ 
— d d 


UJ 

u-> 

r- 

CO 

n 

05 

u 

S 

UJ 

co 

H 

CO 

s 

03 

in 


P 

U 

z 

-J 

< 

3 

t -1 

< 

=£ 

in 

Si 

X *J 

o 

X 


— 

(- < 

H 

S 

Q - 

d 

s 


52 

in 

Z 


« 


-J 

u 


t 

a 


£ 

m 

in 


— «D 

I : 


£ “ 
U 
2 



3 8 3 


oo c<i o es p- 4 os c 

_ _ _ _ © © — — fS r-j rr 

=.00000 0 00©©©© 

Pooooooooqo d © 

qbddddddddddd 


© © O — — _ 
© o o o q q 
o o o o o o 


.. ©rrjOCOI^^O 
•t r v O ■J t' On ^ h 


rs n N n n m 

o o o — 

d d © 


fS-rn'OO'O'M/i 

SSSSoloq 

ddddd©dd© 


c*i *© '*C © »C © 't ■— mTt©t' K OOmr r iVO©©OO^t© 

r-r--r^r-r-r-r'»cooasoo — — *^-r- — 

000 0 000000 

/) m Ifl >T, If , VI T. T| Ti T| 1^1 Vi T| *A 1/1 l/N IT) IT, q 

'ddddddddddddodbddddd© 


C4CNvor^<3mrS«r>t^O 

Tf©©-'t©n'Oon:> 

nr^, 

ddbdddddbd 


pu 

.. i ■■ 

b 

< 

O © © f- 
rN ft — Vi 
r- r> mj 

>n u-, i<-, <; 


o o o © 


r~ © © © 'O 

O' O', O'. © © 
©©©©©__ 
O' O' © O' ON © O' 

ddddddddd 


s g g 


^ rr Tf it, vi ntn rl^ 

© O' O' . © © ©, O' q 

© ©.©.©©©© 

O' O'- © © O' O’, © £, 


© © O O O C O Or 


-MOooco-'OOOiNnrjNQDxajo>'ri't^ f /:^;j2^ovoM 

^^- I —_OC'4<S'* , or-'©r-l'OOOf^. ©, v~. — 1 — VO f'l — O r'l O O N f'} "O 

• _• --• --■ ._• ._• ._• ._• -i -s —J ^ fsi oo o\ © — <m 

^ >t 't T Wi >A 


o — c*j m co 


< 

\® rr\ oN 
■*t q 'ft cE 

<»i \o< 

ir\ *r, </-» — 

H3 


UJUUUJWWWWIjJ^U 

O'OmroCNCOrOf^C^t'fN 

f't't'h-Nor'Oi'MCbj 


s 




O «C sC >C vC so SO © 

©®qqq©~~ 
U^EJU^UUlUujlil 
r'r'i©©cNvo'*f<‘ , ivovn — — 

S -C © . k-i oe ft <n o o r~ «/-. 

f'lc*iqq'*tq'©'©ooocov 
'uiiXirviinvivJvi'Tir 


vo vo © © vo vo 

— — — q q q 

W W til 

<N © — © -*t vo r- 

r- <n t- q ft © <n 

q q <x> q — q q 

©©©©©©©dr-dr- 


© © 'O o vo o vo vo no 

o©©oq©q©q 

caEwwwu)www 

— '3-0©©“*“ ~ 

•/-i © t- vi rt 
© © — -ft 


a 8 


r- © rt u-i 


— M f^l 't 


■•M'tN-NNir 
£2)2®c'"il>©''t©‘0 
«», NNNr, 


.—.^.aoOrtOt^r^v^np^m© — <N 

® T ^ rJXNON-aoO’tNCOriO'O 

nnnft^NC'cr'COx 


ooTtot^'f'ior^tn 




co o fO © 

r-l rt r' o 


©r'rof^r^©‘r>f^©C'og'^ 

©vn^fO© — — qoc— i^tOq 

<-i h, ~ ^ , . - rj c bi «i fi m m ri n fi ri 

— — rjTfvnvDi r^jcoo©© — — — — — — ~~ ~ H H H 

^ — — NNMNMNNN f'l 


n — aortOOoot^rsoovo'O'nO' 
C-NhNOO; | rtO;'Oq^M'n 
rnc — n-"Nvd(^^Tv}yiolfirsd 


8 8 8 8 5 

odd© 


— «*i © 

Cl Tt QO r<i 0\ cri 

r- - « N N fO 


8 5 2 


M © © -t t- n M 

_q©csoo — qq 

f:F:SS^2:22:22 


8 8 8 8 3 

© © © © o 


1^- ^t O Tf © © 

© q O VO r-s| q 

— c'i Tt v» ov 


n--n , tr i ONN'Or''w 
cO©©»nrSrnOqqq 
rnvir'drl'OCN-'tf' 
— i ’ — . — rs r-j r-4 r-J m ^ m 


^ 't 


J J ^ 

5 S ^ 

o O Q 
2 2 0 
O O £ 


■<t c-j ©. v. 


r- © c © 


r^©r>i©mqqq 

w w * - W, s,. — ^ • . - _-. _ -0©©'t©<N<NrrdK 

inoO'5NOWi'tCNWiff«M^TfT l Tirrn( , i'tCM'nMONf s, t^Q|0 

«3rtin\5 t<c©S©©©©o©oo©©oo©Os©oooocococ«r- 

-— ------NNNNNNNNNN'-'— — 


inirtf'lOOi/i't OrtK-'ON 
< — <Nrt0O0Oq©q-r©QO 


oo m 

vn O' rn 


r*-i — © 


© m 


inOrlt' — ©r^i ©'toocoTt — fNOvrv©»^.ftM 
«- w so w — "i 'f w «. ■ qo © — «s -ft vr> r- sc- © — m'or'© — 

©©© — — — — ,— - ^N«s«rsNNNnnri(3t323223J“ 

©©©©©©©©©©©qqqqqqqqqqqqqqqqdb 

ddddddddd dddddddddddddddddoop 


C'lmTtu’i'or-oo© 


© — t'lf^Ttwivor- 


LDING OF FALSE, FICTITIOUS. OR FRAUDULENT SFATEMEN FS OR ENTRIES ON THIS DOCUMENT MAY BE PUN1 


o 

o 


m 

6 

g 

i/3 


u 

£ 


a a 

<3 § 

a> | 

Cfi E 

O) 


3 

£ 

•J3 

i/i 

01 

H 

'fS 

u 

• fH 

£ 

f£ 

u 

0 ) 


2 o " u 
§ £3 'r: w 

° S “ ^ 

v> *« »: .: 

a “ P ^ 

3 2 

H Q i 'J 
c/j t- a. t“ 
w c/5 5 < 

^ ^ a 2 


T3 

£ 

<o 

’oJ 


U 5 « 

0 > £ 


0 £ 

< 

a: 

C/5 

B 3 

as 

E- 


q 

od 




< < — 

S H O' 

s S •■ 

. Tt rn 

m p 

'! « O 
O >2 D 
z o' 


03 
1X3 

S * ri 

P <* 2 

£ fc * 

D g O 
O £ a. 




O 


O 

n 

o 

o 


o 

o 

d 


o 

o 

o 

d 


o 

o 

o 


'NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT ST ATEMENTS OK ENTRIES ON THIS DOCUMENT MAY BE PUNISI IABLE AS A FELONY' UNDER FEDERAL STATUTE,' 



'NOTE: TI IE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE.' 


J-O-B-2 


AO SMITH 1146a 
OUTER LAYER 
Jic FRACTURE TOUGHNESS 
L-T 
-20°F 


141 


WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: adminiBhvmtr.com 

J-INTEGRAL TEST REPORT (ASTM El 820) 


PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO. : 3-55962 MATERIAL : STEEL 

P.O. NO : F58154BT 


SPECIFICATION : ASTM El 820-1 1 
MODULUS: 31.10 Msi 
ULTIMATE STRENGTH : 11 9. 1 ksi 


SiD : J-O-B-2 
TESTLOG : S70804 
TEST DATE : 5/10/2013 

SPECIMEN MEASUREMENTS 


WMT&R QUOTE : QN121622 REV. 1 


YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON'S RATIO : 0 300 

TEST PARAMETERS 


TOTAL THICKNESS (B) 

0.251 in 

TEST TEMPERATURE 

-20°F 

MAIN RAMP RATE 

0.02 m/min 

NET THICKNESS (B v ) 

0.186 in 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

0.02 in/niin 

EFFECTIVE THICKNESS ( B, ) 

0.234 in 

ORIENTATION 

L-T 

PARTIAL UNLOADING RATE 

0.02 in/mi n 

WIDTH (W) 

1.004 in 

TEST MACHINE 

1120 

UNLOADING INTERVAL 

0.0005 in 

UNCRACKED LIGAMENT (h 0 ) 

0.497 in 

CLTPGAGE 

1261635 

HOLDTIME 

5.0 sec. 

NOTCH LENGTH (a,) 

0.453 in 

CUP GAGE LOCATION 

LOAD LINE 

OPERATOR 

DAVE KALO 


PHYSICAL CRACK LENGTHS 

PRF.CRACK LENGTHS : 


.Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.499 in 

0.507 in 

0.508 in 

0.510 in 

0.510 in 

0.508 in 

0.506 in 

0.505 in 

0.503 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1 /4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.571 in 

0.570 in 

0.563 in 

0.560 in 

0.559 in 

0.557 in 

0.552 in 

0.551 in 

0.547 in 


PRFCRACK AVERAGE 

: 0.5069 in 

FINAL AVERAGE 

: 0.5589 in 



PRECRACK a/W 

: 0.5049 

FINAL a/W 

0.5566 



FATIGUE PRECRACKINC 

SUMMARY 





STARTING P^ 

: 450 lb 

FINAL P mcx 

394 lb 

R-RATIO (P min / P max ) 

: 0.1 

CYCLES 

109238 

FINAL K„ m 

: 15.36 ksi(in) 1/2 



ORIGINAL CRACK 


FINAL CRACK 


MODULUS 


PHYSICAL CRACK SIZE (a 0 ) 

: 0.5069 in 

PHYSICAL CRACK SIZE (a p ) 

: 0.5589 in 

MODULUS 

: 31.10 Msi 

EST. CRACK SIZE ( a 

: 0.5069 in 

EST. CRACK SIZE (a^ w ) 

: 0.5520 in 

EFFECTIVE MODULUS 

: 3110 Msi 

PERCENT DIFFERENCE 

: 0.00 % 

PERCENT DIFFERENCE 

: 1.23% 

PERCENT DIFFERENCE 

: 0.01 % 


VALIDITY CHECKS PER ASTM E1820-1 1 

1 . (7.4.2) TIIE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THF. CRACK STARTER CONFIGURATION PLUS VALID 

THE FATIGUE CRACK. a/W) SHALL BE BETWEEN 0.45 AND 0.70 
a / IF = 0.5049 

2 (9. 1 .5.2) DIFFERENCE BETWEEN PREDICTED AND MEASURED (&a p ) CRACK EXTENSION SHALL VAUD 

NOT EXCEED 0.15 &a p FOR CRACK EXTENSIONS LESS TRAN 0.2 b v AND 0 03 b, THEREAFTER 
Difference = 0.0069 in 0 1 5 An., = 0.0078 in 

3. (A9.7.2.1)a^ SHALL NOT DIFFER FROM a„ BY MORE THAN THE LARGER OF 0.01 IF OR 0.0197 IN VALID 

Difference = 0.0000 in Limit = 0.0197 in 

4. (A9.7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE ^ SHALL BF. > 8; NUMBER OF DATA BETWEEN VALID 

0.47 q AND J a SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

a aq Points = 26 Data Points “14 C C. = 0.99415 

5. (A9.7.1) POWER COEFFICIENT C, SHALL BE LESS THAN 1 .0 VALID 

C, =0.3810 

6. (A9.8.1) THICKNESS, B > 10./ Q /o> VALID 

B = 0.2510 in 107 Q /a Y -0.0768 in 

7. (A9.8.2) INITIAL LIGAMENT. b„ > \0J g l<j r VALID 

b 0 = 0.4971 in \QJ e /tr r = 0.0768 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN AND a AND J„ m „ VALID 

Data Points = 13 

9. (A 9.6.4) AT LEAST ONF. J-Aa POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. VALID 

AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0 02-in OFFSET LINE AND THE 0.06-m EXCLUSION LINE. 

TEST IS VALID: J Ic = 772.72 in-Ib/in 2 

Kjic = 162.51 ksi(in) 1/2 ) _/ , 


GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMEN [' MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive , and Nuclear Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin^wm tr.com 

GENERAL VALIDITY CHECKS (A STM El 820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO. : 3-55962 

P.O. NO. : F58154BT 

SID : J-O-B-2 

TfiSTLOG : S70804 

TEST DATE: 5/10/2013 

SPECIMEN MEASUREMENTS 


TOTAL THICKNESS ( B ) : 0.251 in 

NET THICKNESS (B „ ) : 0. 1 86 in 

EFFECTIVE THICKNESS (B„ ) : 0.234 m 

TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-T 

TEST MACHINE : H20 

CUP GAGE : 1261635 

CLIP GAGE I OC ATTON : LOAD LINE 


MATERIAL : STEEL 

WMT&R QUOTE : QN 12 1622 REV. 1 


WIDTH (If') 

UNCRACKED LIGAMENT (p„) 
NOTCH LENGTH (a H ) 

MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
IIOLDTIMC 
OPERATOR 


SPECIFICATION : ASTM E 1820- 1 1 
MODULUS: 3 UO Msi 
ULTIMATE STRENGTH : 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON'S RATIO : 0.300 

: 1 004 in 
: 0.497 in 
: 0.453 in 

: 0.02 in/min 
: 0.02 in/min 
: 0.02 in/min 
: 0.0005 in 
: 5.0 sec. 

: DAVE KALO 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 


1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.499 in 

0.507 in 

0.508 in 

0.510 in 

0.510 in 

0.508 in 

0.506 in 

0.505 in 

0.503 in 

FINAL CRACK LENGTHS : 









Side 1 

1/8 Point 

1/4 Point 

3/8 Point 


1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.571 in 

0.570 in 

0.563 in 

0.560 in 

0.559 in 

0.557 in 

0.552 in 

0.551 in 

0.547 in 

PRECRACK AVERAGE 

: 0.5069 in 

FINAL AVERAGE 


: 0.5589 in 





PRECRACK a/W : 0.5049 FINAL a/W : 0.5566 


FATIGUE PRECRACKJNG SUMMARY 

STARTING P^a :4501b FINAL :3941b R-RATIO (P mi „ / P ^ :0.1 

CYCLES : 109238 FINAL : 15.36 k5i(in) l,J 

TEST CURVE RESULTS 

MAXIMUM FORCE (f„„) : 2152.2 lb 

GENERAL VALIDITY CHECKS PER ASTM E182U-11 

1 . (7 4 5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 
THAN 0.05/1 , AND NOT LESS THAN 0.05 IN. 

Extension = 0.0539 in 0.055 - 0 0126 in 

2. (7.4.5. 1) FOR THE FIRST STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY (^) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY K m „, =(v n ! / a ra ' )(0.4o a J ksi'lm) , WHERE a AND» B ! ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

K Applied = 15.0k*i(in)“ 2 K Limit = 32.9 ksi(in) 1 ^ 

3. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING, THF, K„„ APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

X™* - 0.6 (a „//«„' ) * K F WIIERF. K r = Kjq. K JQr . OR K !Q „. DEPENDING ON THE RESULT OF THE TEST 

Kmax Applied ~ 15.4 ksi('n) 1 '' K ..... I. im.it - 97.5 ksifin) 1 " 1 

4 (9. 1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFERBY MORE THAN VALID 

0.05/1 FROM THE AVERAGE a a 


Maximum Difference = 0.0079 in 0.055 = 0.0126 in 

5 (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VALID 

THAN 0.055 FROM THE AVERAGE a p 

Maximum Difference = 0.0121 in 0.055 = 0.0126 in 


6 (9. 1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE 
AVERAGE CRACK EXTENSION 

Minimum Extension = 0.0440 in 50% of the Average - 0.0260 in 


VALID 


ALL GENERAL VALIDITY CHECKS ARE VALID 


GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive , and Nuclear Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin&wmtr.com 

K Ic DETERMINATION (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO. : 3-55962 
P.O. NO. : F58154BT 
SID J-O-B-2 
TESTLOO : S70804 
TEST DATE: 5/10/2013 
SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 0.251 in 

NET THICKNESS (fl v ) : 0. 1 86 in 

EFFECTIVE THICKNESS ( B t ) : 0.234 in 

WIDTH (W) : 1.004 in 

UNCRACKED LIGAMENT (b„) : 0,497 in 

NOTCH LENGTH (a „ ) : 0.453 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-T 

TEST MACHINE : H20 

CLIP GAGE : 1261635 

CLIP GAGE LOCATION : LOAD LINE 


MATERIAL : STEEL 

WMT&R QUOTE : QN121622 REV. 1 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM El 820- 1 1 
MODULUS : 31.10 Msi 
ULTIMATE STRENGTH : 119.1 ksi 
YIELD STRENGTH : 82.2 ksi 
EFFECTIVE YIELD STRENGTH : 100.7 ksi 
POISSON’S RATIO : 0.300 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

DAVE KALO 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1 /8 Point 

1 /4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.499 in 

0.507 in 

0.508 in 

0.510 in 

0.510 in 

0.508 in 

0.506 in 

0.505 in 

0.503 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.571 in 

0.570 in 

0.563 in 

0.560 in 

0.559 in 

0.557 in 

0.552 in 

0.551 in 

0.547 in 


PRECRACK AVERAGE 

: 0.5069 in 

FINAL AVERAGE : 0.5589 in 


PRECRACK a/W 

: 0.5049 

FINAL a/W 

: 0.5566 


FATIGUE PRECRACKING SUMMARY 




STARTING P^ 

: 450 1b 


R-RATIO (P mJ „ //>_) 

0.1 

FINAL P^ 

: 394 lb 


CYCLES 

: 109238 

FINAL 

: 15.36 ksi(m) ,/2 




TEST RESULTS 





CANDIDATE FORCE (P Q ) 

: 1081.4 lb 


MAXIMUM FORCE (P max ) 

: 2152.2 

Kq 

: 49.0 ksi(m) ,/2 


SPECIMEN STRENGTH RATIO 

: 2.87 

VALIDITY CHECKS PER ASTM E1820-11 





1 (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE VALID 

FATIGUE CRACK, a/W) MUST BE BETWEEN 0.45 AND 0.55 
a/W = 0.5049 

2. (A5.4.2)THE RATIO P^/Pq MUST BE < 1.10 INVALID 

p mux/P Q = 1.9902 

3. (AS.4 J) THE QUANTITY 1.S (Kg/an ) 2 , WHBRF. IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN T HE LENGTH OF THE INI TIAL UNCRACKED LIGAMENT. 4 

l.SCK.g/trn) 1 =0.8875 in fc„ =0.4971 in 

4. (7 4.5.2) FOR THE SECOND STEP OF PRECRACKING, THE APPLIED TO THE SPECIMEN SHAIJ. BF. LIMITED BY VALID 

- 0.6 (ays' /a„')*K F WHERE K r = K Q 

A' Applied = 1 5.4 ksiiin) "' K ntr Limit = 29.4 tcsi(in) IG 


TEST IS INVALID: Kq = 49.0 ksi(in) ,/2 



GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABI E AS A 

FELONY UNDER FEDERAL STATUTE." 
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AO SMITH 1146a 
INNER LAYER 
FATIGUE CRACK GROWTH 


ID 

Layer 

Orientation 

R 

Temp 

FCG-l-B-1 

Inner 

L-T 

0.15 

RT 

FCG-l-B-2 

FCG-l-B-3 

Inner 

L-T 

0.7 

RT 

FCG-l-B-4 

FCG-l-B-5 

inner 

L-T 

0.15 

-20°F 

FCG-l-B-6 

FCG-i-B-7 

Inner 

L-T 

0.7 

-20°F 

FCG-l-B-8 
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Project Parameters 

CUSTOMER: SOUTHWEST RESEARCH 
P.O. NO. : F58154BT 
SPECIMEN NUMBER : FCG-I-B-1 
YIELD STRENGTH : 150.0 ksi 
MODULUS : 30.0 Msi 

TESTLOGNO. : S41387 
MATE REAL : Inner Layer 
TEST MACHINE : H53 

WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 4/12/2013 
CRACK PLANE ORIENTATION : L-T 

SPECIMEN MEASUREMENTS: 



SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2504 in 
WIDTH (W) : 2.0035 in 
NOTCH (An) : 0.4005 in 



Testing Parameters 

TESTTYPE : CONSTANT AMPLITUDE 

STRESS RATIO : 0.15 

ENVIRONMENT : LAB AIR 

MAXIMUM LOAD : 1354.80 lb 

FREQUENCY : 15 Hz 

TEMPERATURE : ROOM 

MINIMUM LOAD : 203.2 lb 

WAVEFORM : SINE 

HUMIDITY : 22% - 36% 

LOAD RANGE : 1151.6 lb 

SPECIMEN TYPE : C(T) 

ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

1354 

0.1494 

0.4797 

25478 

0.0061 

5706 

1.0056E-06 

15.534 

0 

1354 

0.1509 

0.4863 

32623 

0.0067 

7145 

1.0389E-06 

15.683 

0 

1355 

0.1525 

0.4935 

38522 

0.0072 

5899 

1.0605E-06 

15.834 

0 

1354 

0.1540 

0.5002 

45280 

0.0067 

6758 

1.1344E-06 

15.969 

0 

1355 

0.1554 

0.5065 

50984 

0.0063 

5704 

1.2123E-06 

16.132 

0 

1355 

0.1570 

0.5132 

57112 

0.0066 

6128 

1.2261E-06 

16.294 

0 

1354 

0.1586 

0.5204 

61130 

0.0072 

4018 

1.2882E-06 

16.397 

0 

1355 

0.1601 

0.5270 

66200 

0.0066 

5070 

1.3051E-06 

16.565 

0 

1355 

0.1622 

0.5356 

74018 

0.0087 

7818 

1.3187E-06 

16.780 

0 

1355 

0.1644 

0.5453 

79937 

0.0096 

5919 

1.3801E-06 

16.957 

0 

1355 

0.1659 

0.5514 

86701 

0.0062 

6764 

1.4432E-06 

17.172 

0 

1355 

0.1675 

0.5583 

89646 

0.0069 

2945 

1.444E-06 

17.273 

0 

1354 

0.1700 

0.5686 

95962 

0.0103 

6316 

1.4578E-06 

17.465 

0 

1355 

0.1719 

0.5764 

101874 

0.0078 

5912 

1.5931E-06 

17.685 

0 

1355 

0.1735 

0.5829 

107152 

0.0065 

5278 

1.4889E-06 

17.889 

0 

1355 

0.1751 

0.5892 

110744 

0.0063 

3592 

1.536E-06 

18.002 

0 

1355 

0.1773 

0.5984 

114337 

0.0092 

3593 

1.597E-06 

18.138 

0 

1355 

0.1791 

0.6055 

121944 

0.0070 

7607 

1.7345E-06 

18.421 

0 

1356 

0.1813 

0.6141 

125325 

0.0086 

3381 

1.8538E 06 

18.558 

0 

1355 

0.1830 

0.6211 

129978 

0.0070 

4653 

1.849E-06 

18.753 

0 

1355 

0.1855 

0.6307 

133778 

0.0095 

3800 

2.0019E-06 

18.968 

0 

1355 

0.1876 

0.6391 

137371 

0.0084 

3593 

1.9467E-06 

19.132 

0 

1355 

0.1892 

0.6452 

142232 

0.0061 

4861 

2.099E-06 

19.373 

0 

1354 

0.1913 

0.6535 

145399 

0.0083 

3167 

2.2742E-06 

19.516 

0 

1355 

0.1936 

0.6622 

150464 

0.0087 

5065 

2.3737E-06 

19.828 

0 

1355 

0.1954 

0.6691 

151098 

0.0069 

634 

2.514E 06 

19.891 

0 

1355 

0.1974 

0.6767 

154260 

0.0076 

3162 

2.6941E-06 

20.073 

0 


150 


1355 

0.1997 

0.6853 

158908 

0.0087 

4648 

3.1655E-06 

20.410 

0 

1354 

0.2019 

0.6935 

161021 

0.0082 

2113 

2.8737E-06 

20.578 

0 

1355 

0.2038 

0.7006 

162290 

0.0070 

1269 

3.0451E-06 

20.692 

0 

1355 

0.2062 

0.7096 

165037 

0.0090 

2747 

3.3136E-06 

20.955 

0 

1355 

0.2080 

0.7160 

168630 

0.0065 

3593 

2.8375E-06 

21.276 

0 

1355 

0.2098 

0.7225 

169476 

0.0065 

846 

2.8972E-06 

21.299 

0 

1355 

0.2126 

0.7328 

173068 

0.0103 

3592 

2.9412E-06 

21.593 

0 

1355 

0.2143 

0.7389 

177085 

0.0060 

4017 

3.2928E-06 

21.947 

0 

1355 

0.2178 

0.7516 

178141 

0.0127 

1056 

3.5293E-06 

22.025 

0 

1355 

0.2199 

0.7587 

182155 

0.0071 

4014 

4.1241E-06 

22.476 

0 

1355 

0.2216 

0.7648 

182367 

0.0061 

212 

4.208E-06 

22.506 

0 

1355 

0.2242 

0.7740 

184478 

0.0092 

2111 

4.2442E 06 

22.740 

0 

1355 

0.2279 

0.7869 

187648 

0.0128 

3170 

4.8614E-06 

23.239 

0 

1355 

0.2298 

0.7934 

189126 

0.0066 

1478 

4.4767E-06 

23.480 

0 

1355 

0.2333 

0.8054 

190819 

0.0120 

1693 

4.5623E-06 

23.717 

0 

1355 

0.2388 

0.8241 

195042 

0.0187 

4223 

4.7751E-06 

24.314 

0 

1355 

0.2417 

0.8339 

199062 

0.0098 

4020 

5.5222E-06 

24.964 

0 

1355 

0.2449 

0.8443 

199906 

0.0104 

844 

6.0879E-06 

25.086 

0 

1355 

0.2484 

0.8558 

200540 

0.0115 

634 

6.0003E-06 

25.213 

0 

1355 

0.2527 

0.8698 

203713 

0.0140 

3173 

7.748E-06 

26.035 

0 

1355 

0.2577 

0.8859 

205402 

0.0160 

1689 

7.6124E-06 

26.494 

0 

1355 

0.2619 

0.8992 

207515 

0.0133 

2113 

6.442 5E-06 

27.098 

0 

1355 

0.2657 

0.9111 

207938 

0.0119 

423 

7.2289E-06 

27.289 

0 

1355 

0.2679 

0.9180 

209629 

0.0069 

1691 

6.8697E-06 

27.660 

0 

1355 

0.2702 

0.9251 

211948 

0.0071 

2319 

7.7545E-06 

28.238 

0 

1355 

0.2736 

0.9357 

212369 

0.0106 

421 

7.329E-06 

28.407 

0 

1353 

0.2784 

0.9501 

214052 

0.0144 

1683 

8.8825E-06 

29.015 

0 

1354 

0.2886 

0.9805 

217008 

0.0304 

2956 

1.0215E-05 

30.381 

0 

1355 

0.3013 

1.0170 

220594 

0.0366 

3586 

1.0142E-05 

32.096 

0 

1356 

0.3089 

1.0384 

222917 

0.0214 

2323 

9.9709E-06 

33.336 

0 

1354 

0.3118 

1.0465 

223550 

0.0081 

633 

1.3447E-05 

33.583 

0 

1355 

0.3159 

1.0578 

224606 

0.0112 

1056 

1.3304E-05 

34.352 

0 

1355 

0.3192 

1.0667 

225663 

0.0090 

1057 

1.5062E-05 

35.468 

0 

1355 

0.3390 

1.1188 

227777 

0.0521 

2114 

1.4188E-05 

37.411 

0 

1354 

0.3454 

1.1348 

229468 

0.0160 

1691 

1.3269E-05 

39.003 

0 

1354 

0.3490 

1.1439 

230948 

0.0091 

1480 

1.4214E-05 

40.431 

0 

1355 

0.3551 

1.1588 

231581 

0.0149 

633 

1.5923E-05 

40.675 

0 

1354 

0.3639 

1.1800 

233482 

0.0213 

1901 

2.6954E-05 

43.553 

0 

1359 

0.3739 

1.2036 

233717 

0.0069 

24 

3.2819E-05 

44.255 

0 

1355 

0.3769 

1.2104 

234014 

0.0068 

297 

3.5876E-05 

44.802 

0 

1355 

0.3799 

1.2172 

234225 

0.0067 

211 

3.6041E-05 

45.839 

0 

1355 

0.3830 

1.2242 

234437 

0.0070 

212 

2.9616E-05 

46.284 

0 

1355 

0.3865 

1.2321 

234719 

0.0078 

282 

3.0165E-05 

47.128 

0 

1355 

0.3900 

1.2398 

235002 

0.0077 

283 

3.2231E-05 

47.926 

0 

1355 

0.3928 

1.2460 

235142 

0.0062 

140 

3.3709E-05 

48.342 

0 

1355 

0.3959 

1.2529 

235424 

0.0068 

282 

3.9545E-05 

49.348 

0 

1355 

0.3998 

1.2612 

235565 

0.0083 

141 

4.2323E-05 

49.931 

0 

1355 

0.4035 

1.2691 

235776 

0.0079 

211 

4.5605E-05 

50.958 

0 

1355 

0.4092 

1.2811 

235988 

0.0121 

212 

4.9622E-05 

52.192 

0 

1355 

0.4125 

1.2879 

236129 

0.0067 

141 

5.0442E-05 

52.973 

1 
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1355 

0.4174 

1.2979 

236340 

0.0100 

211 

5.5525E-05 

54.278 

1355 

0.4213 

1.3059 

236481 

0.0080 

141 

5.650SE-05 

55.232 

1355 

0.4252 

1.3137 

236622 

0.0078 

141 

6.0357E-05 

56.271 

1355 

0.4308 

1.3246 

236763 

0.0109 

141 

6.6981E-05 

57.436 

1355 

0.4342 

1.3312 

236904 

0.0066 

141 

7.4088E-05 

58.750 

1355 

0.4373 

1.3373 

236974 

0.0060 

70 

7.7892E-05 

59.464 

1355 

0.4439 

1.3498 

237115 

0.0125 

141 

8.9276E-05 

61.092 

1354 

0.4472 

1.3559 

237186 

0.0061 

71 

0.00010075 

62.111 

1355 

0.4506 

1.3622 

237256 

0.0063 

70 

0.00012208 

63.179 

1354 

0.4548 

1.3700 

237327 

0.0078 

71 

0.00014879 

64.385 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Kmax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Pro i (Ml Parameters 

CUSTOMER : SOUTHWEST RESEARCH TESTLOGNO. : S41388 

P.O. NO. : F58154BT MATERIAL : Inner Layer 

SPECIMEN NUMBER : FCG-I-B-2 TEST MACHINE : H176 

YIELD STRENGTH : 82.2 ksi 
MODULUS : 30.0 Msi 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 5/9/2013 
CRACK PLANE ORIENTATION : L-T 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2500 in 
WIDTH (W) : 0.9990 in 
NOTCH (An) : 0.2002 in 


T estjng Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 407.00 lb 
MINIMUM LOAD : 61.1 lb 
LOAD RANGE : 345.9 lb 


STRESS RATIO : 0.15 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE : ROOM 
HUMIDITY : 29% - 34% 
ANALYSIS METHOD : 7PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

407 

0.0575 

0.2799 

86134 

0.0039 

57644 

1.1883E-07 

7.413 

0 

407 

0.0585 

0.2850 

119694 

0.0051 

33560 

9.2264E-08 

7.472 

0 

407 

0.0593 

0.2891 

170453 

0.0041 

50759 

8.656E-08 

7.559 

0 

407 

0.0602 

0.2938 

249612 

0.0047 

79159 

8.8574E-08 

7.693 

0 

407 

0.0610 

0.2980 

279722 

0.0042 

30110 

8.9S23E-08 

7.738 

0 

407 

0.0617 

0.3019 

326191 

0.0039 

46469 

9.5594E-08 

7.824 

0 

407 

0.0625 

0.3057 

362331 

0.0039 

36140 

1.1046E-07 

7.897 

0 

407 

0.0633 

0.3098 

405354 

0.0041 

43023 

1.1948E-07 

7.996 

0 

407 

0.0643 

0.3150 

452677 

0.0051 

47323 

1.303E-07 

8.128 

0 

407 

0.0653 

0.3198 

466450 

0.0048 

13773 

1.333E-07 

8.154 

0 

407 

0.0671 

0.3287 

536138 

0.0089 

69688 

1.44 14E-07 

8.383 

0 

407 

0.0681 

0.3333 

573982 

0.0046 

37844 

1.5327E-07 

8.484 

0 

407 

0.0689 

0.3371 

600660 

0.0038 

26678 

1.5784E-07 

8.586 

0 

407 

0.0701 

0.3426 

630771 

0.0055 

30111 

1.6682E-07 

8.678 

0 

407 

0.0710 

0.3468 

652280 

0.0042 

21509 

1.8015E-07 

8.773 

0 

407 

0.0719 

0.3512 

680674 

0.0044 

28394 

1.8461E-07 

8.898 

0 

407 

0.0730 

0.3560 

706487 

0.0047 

25813 

1.867E-07 

9.002 

0 

407 

0.0742 

0.3617 

729722 

0.0057 

23235 

1.9472E-07 

9.110 

0 

407 

0.0752 

0.3659 

758120 

0.0043 

28398 

2.0743E-07 

9.232 

0 

407 

0.0761 

0.3702 

778774 

0.0043 

20654 

2.1368E-07 

9.349 

0 

407 

0.0770 

0.3742 

793399 

0.0040 

14625 

2.1528E-07 

9.425 

0 

407 

0.0780 

0.3784 

812327 

0.0042 

18928 

2.3372E-07 

9.522 

0 

407 

0.0791 

0.3832 

834696 

0.0049 

22369 

2.3616E-07 

9.665 

0 

407 

0.0800 

0.3871 

851898 

0.0039 

17202 

2.4498E-07 

9.774 

0 

407 

0.0812 

0.3921 

868240 

0.0050 

16342 

2.5782E-07 

9.857 

0 

407 

0.0824 

0.3971 

892332 

0.0049 

24092 

2.8099E-07 

10.033 

0 


153 


407 

0.0834 

0.4011 

902654 

0.0041 

10322 

2.9226E-07 

10.093 

0 

407 

0.0846 

0.4062 

920726 

0.0051 

18072 

3.0682E-07 

10.249 

0 

407 

0.0856 

0.4101 

932782 

0.0039 

12056 

3.2629E-07 

10.364 

0 

407 

0.0866 

0.4142 

944829 

0.0040 

12047 

3.37E-07 

10,481 

0 

407 

0.0877 

0.4187 

959462 

0.0045 

14633 

3.542E-07 

10.605 

0 

407 

0.0887 

0.4226 

968926 

0.0039 

9464 

3.6408E-07 

10.700 

0 

407 

0.0898 

0.4269 

980113 

0.0043 

11187 

3.8454E-07 

10.838 

0 

407 

0.0908 

0.4309 

991311 

0.0040 

11198 

4.1091E-07 

10.960 

0 

407 

0.0920 

0.4354 

1002496 

0.0045 

11185 

4.3964E-07 

11.095 

0 

407 

0.0930 

0.4392 

1010236 

0.0038 

7740 

4.345E-07 

11.209 

0 

407 

0.0944 

0.4441 

1020563 

0.0049 

10327 

4.7013E-07 

11.376 

0 

407 

0.0955 

0.4486 

1029168 

0,0044 

8605 

4.9752E-07 

11.481 

0 

407 

0.0966 

0.4524 

1041210 

0.0039 

12042 

5.3975E-07 

11.704 

0 

407 

0.0977 

0.4563 

1043789 

0.0038 

2579 

5.3898E-07 

11.739 

0 

407 

0.0988 

0.4602 

1051529 

0.0039 

7740 

5.666E-07 

11.882 

0 

407 

0.1006 

0.4667 

1062717 

0.0066 

11188 

6.068E-07 

12.144 

0 

407 

0.1021 

0.4718 

1071321 

0.0051 

8604 

6.0116E-07 

12.320 

0 

407 

0.1036 

0.4772 

1079928 

0.0053 

8607 

6.1507E-07 

12.484 

0 

407 

0.1050 

0.4817 

1087668 

0.0045 

7740 

6.5986E-07 

12.694 

0 

407 

0.1063 

0.4860 

1093692 

0.0043 

6024 

7.0178E-07 

12.816 

0 

407 

0.1082 

0.4922 

1104019 

0.0063 

10327 

7.7995E-07 

13.118 

0 

407 

0.1101 

0.4985 

1110043 

0.0063 

6024 

8.1646E-07 

13.317 

0 

407 

0.1120 

0.5046 

1116923 

0.0060 

6880 

8.4602E-07 

13,571 

0 

407 

0.1133 

0.5084 

1122086 

0.0039 

5163 

8.6719E-07 

13.776 

0 

407 

0.1147 

0.5129 

1127245 

0.0045 

5159 

8.6935E-07 

13.922 

0 

407 

0.1170 

0.5198 

1134990 

0.0069 

7745 

9.2542E-07 

14.236 

0 

407 

0.1194 

0.5267 

1143594 

0.0069 

8604 

1.1228E-06 

14.636 

0 

407 

0.1216 

0.5331 

1147898 

0,0064 

4304 

1.2098E-06 

14,874 

0 

407 

0.1230 

0.5371 

1152201 

0.0040 

4303 

1.242E-06 

15.144 

0 

407 

0.1251 

0.5428 

1154783 

0.0057 

2582 

1.3621E-06 

15.326 

0 

407 

0.1278 

0.5501 

1160807 

0.0072 

6024 

1.4181E-06 

15.761 

0 

407 

0.1316 

0.5601 

1168552 

0.0100 

7745 

1.6458E-06 

16,405 

0 

407 

0.1333 

0.5643 

1170273 

0.0043 

1721 

1.7298E-06 

16.553 

0 

407 

0.1352 

0.5689 

1173020 

0.0041 

1888 

1.8422E-06 

16.846 

0 

407 

0.1372 

0.5737 

1175314 

0.0048 

2294 

1.9511E-06 

17.162 

0 

407 

0.1392 

0.5785 

1178068 

0.0048 

2754 

1.9317E-06 

17.458 

0 

407 

0.1409 

0.5824 

1179902 

0.0038 

1834 

1.9831E-06 

17.699 

0 

407 

0.1427 

0.5864 

1181738 

0.0040 

1836 

2.0303E-06 

17.948 

0 

407 

0.1444 

0.5903 

1184034 

0.0039 

2296 

2.1492E-06 

18.281 

0 

407 

0.1464 

0.5946 

1185868 

0.0043 

1834 

2.2479E-06 

18.553 

0 

407 

0.1484 

0.5989 

1187705 

0.0042 

1837 

2.4398E-06 

18.846 

0 

407 

0.1506 

0.6035 

1189542 

0.0046 

1837 

2.6671E-06 

19.224 

0 

407 

0.1529 

0.6082 

1191377 

0.0047 

1835 

2.8735E-06 

19.611 

0 

407 

0.1553 

0.6128 

1192754 

0.0046 

1377 

3.1106E-06 

19.921 

0 

407 

0.1575 

0.6169 

1194132 

0.0041 

1378 

3.3753E-06 

20.269 

0 

407 

0.1599 

0.6214 

1195508 

0.0045 

1376 

3.6587E-06 

20.711 

0 

407 

0.1630 

0.6269 

1196885 

0.0055 

1377 

3.9441E-06 

21.139 

0 

407 

0.1652 

0.6307 

1197804 

0.0038 

919 

4.1867E-06 

21.469 

0 

407 

0.1675 

0.6346 

1198722 

0.0038 

918 

4.4721E-06 

21.884 

0 
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407 

0.1699 

0.6385 

1199639 

0.0040 

917 

4.7706E-06 

22.244 

0 

407 

0.1728 

0.6431 

1200557 

0.0045 

918 

5.1543E-06 

22.716 

0 

407 

0.1761 

0.6480 

1201475 

0.0049 

918 

5.5838E-06 

23.208 

0 

407 

0.1799 

0.6534 

1202393 

0.0054 

918 

6.0469E-06 

23.777 

0 

408 

0.1841 

0.6592 

1203311 

0.0057 

918 

6.5322E-06 

24.443 

0 

407 

0.1889 

0.6652 

1204229 

0.0061 

918 

7.0981E-06 

25.124 

0 

407 

0.1946 

0.6719 

1205146 

0.0066 

917 

7.838E-06 

25.929 

0 

407 

0.2015 

0.6792 

1206064 

0.0073 

918 

8.9746E-06 

26.926 

0 

407 

0.2059 

0.6834 

1206522 

0.0042 

458 

9.7472E-06 

27.474 

0 

407 

0.2110 

0.6880 

1206981 

0.0045 

459 

1.0685E-05 

28.108 

0 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength )^2) 

2 - The crack deviated > 20 degrees C oin the plane of symmetty 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH TESTLOG NO. : S41389 

P.O. NO. : F58154BT MATERIAL : Inner Layer 

SPECIMEN NUMBER : FCG-I-B-3 TEST MACHINE : H137 

YIELD STRENGTH : 82.2 ksi 
MODULUS : 30.0 Msi 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 5/9/2013 
CRACK PLANE ORIENTATION : L-T 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2514 in 
WIDTH (W) : 2.0042 in 
NOTCH (An) : 0.4454 in 


T esting Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 3699.70 lb 
MINIMUM LOAD : 2589.8 lb 
LOAD RANGE : 1109.9 lb 


STRESS RATIO : 0.70 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE : ROOM 
HUMIDITY : 29% - 34% 
ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

3699 

0.0560 

0.5055 

17828 

0.0050 

4661 

1.1508E-06 

15.463 

0 

3699 

0.0565 

0.5107 

21842 

0.0052 

4014 

1.1771E-06 

15.566 

0 

3697 

0.0571 

0.5169 

26854 

0.0062 

5012 

1.2272E-06 

15.657 

0 

3700 

0.0577 

0.5234 

31889 

0.0065 

5035 

1.2432E-06 

15.829 

0 

3702 

0.0582 

0.5287 

36568 

0.0053 

4679 

1.2613E-06 

15.977 

0 

3701 

0.0588 

0.5339 

40564 

0.0053 

3996 

1.2608E-06 

16.067 

0 

3699 

0.0593 

0.5394 

44918 

0.0054 

4354 

1.2935E-06 

16.174 

0 

3701 

0.0599 

0.5450 

48920 

0.0056 

4002 

1.3541E-06 

16.320 

0 

3699 

0.0604 

0.5500 

53262 

0.0050 

4342 

1.3915E-06 

16.384 

0 

3700 

0.0610 

0.5568 

57678 

0.0068 

4416 

1.4438E-06 

16.556 

0 

3700 

0.0617 

0.5632 

61664 

0.0064 

3986 

1.5015E-06 

16.667 

0 

3700 

0.0622 

0.5686 

65674 

0.0054 

4010 

1.6074 E-06 

16.814 

0 

3701 

0.0628 

0.5740 

69036 

0.0053 

3362 

1.6276E-06 

16.943 

0 

3700 

0.0635 

0.5808 

73037 

0.0068 

4001 

1.651E-06 

17.075 

0 

3700 

0.0643 

0.5881 

76707 

0.0074 

3670 

1.7202E-06 

17.216 

0 

3701 

0.0650 

0.5952 

81368 

0.0071 

4661 

1.7989E-06 

17.418 

0 

3700 

0.0655 

0.6003 

84720 

0.0051 

3352 

1.8666E-06 

17.516 

0 

3700 

0.0661 

0.6058 

87057 

0.0055 

2337 

1.8699E-06 

17.610 

0 

3700 

0.0669 

0.6126 

90405 

0.0068 

3348 

1.9988E-06 

17.761 

0 

3698 

0.0675 

0.6185 

93407 

0.0058 

3002 

2.0865E-06 

17.894 

0 

3700 

0.0681 

0.6239 

96408 

0.0054 

3001 

2.0808E-06 

18.062 

0 

3700 

0.0687 

0.6291 

98408 

0.0053 

2000 

2.1191E-06 

18.182 

0 

3700 

0.0693 

0.6351 

101077 

0.0059 

2669 

2.2245E-06 

18.292 

0 

3701 

0.0700 

0.6415 

104412 

0.0064 

3335 

2.3366E-06 

18.472 

0 

3700 

0.0707 

0.6480 

107091 

0.0065 

2679 

2.4195E-06 

18.604 

0 

3700 

0.0716 

0.6555 

109748 

0.0074 

2657 

2.490SE-06 

18.805 

0 
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3702 

0.0724 

0.6626 

112760 

0.0072 

3012 

2.6016E-06 

19.013 

0 

3700 

0.0730 

0.6684 

114771 

0.0058 

2011 

2.672E-06 

19.081 

0 

3701 

0.0737 

0.6737 

117098 

0.0053 

2327 

2.6489E-06 

19.281 

0 

3699 

0.0743 

0.6790 

118782 

0.0053 

1684 

2.7179E-06 

19.365 

0 

3701 

0.0752 

0.6867 

121456 

0.0077 

2674 

2.7986E-06 

19.573 

0 

3701 

0.0758 

0.6919 

123791 

0.0052 

2335 

2.996SE-06 

19.744 

0 

3700 

0.0766 

0.6985 

125795 

0.0065 

2004 

3.2032E-06 

19.858 

0 

3699 

0.0772 

0.7038 

127464 

0.0054 

1669 

3.193E-06 

19.977 

0 

3699 

0.0779 

0.7102 

129139 

0.0063 

1675 

3.3314E-06 

20.143 

0 

3700 

0.0788 

0.7176 

131146 

0.0074 

2007 

3.3705E-06 

20.317 

0 

3699 

0.0796 

0.7235 

133486 

0.0059 

2340 

3.4704E-06 

20.504 

0 

3699 

0.0803 

0.7295 

135151 

0.0059 

1665 

3.6353E-06 

20.675 

0 

3700 

0.0810 

0.7353 

136482 

0.0058 

1331 

3.6435E-06 

20.790 

0 

3700 

0.0818 

0.7414 

138146 

0.0061 

1664 

3.8936E-06 

20.999 

0 

3699 

0.0825 

0.7471 

139482 

0.0056 

1336 

3.9482E-06 

21.102 

0 

3701 

0.0831 

0.7524 

141161 

0.0054 

1679 

4.0505E-06 

21.323 

0 

3700 

0.0838 

0.7576 

142158 

0.0052 

997 

4.1734E-06 

21.413 

0 

3701 

0.0845 

0.7628 

143491 

0.0052 

1333 

4.1946E-06 

21.621 

0 

3699 

0.0852 

0.7688 

144824 

0.0060 

1333 

4.3331E-06 

21.735 

0 

3699 

0.0860 

0.7751 

146161 

0.0063 

1337 

4.3742E-06 

21.881 

0 

3700 

0.0868 

0.7811 

147831 

0.0061 

1670 

4.5866E-06 

22.109 

0 

3701 

0.0876 

0.7874 

149159 

0.0062 

1328 

4.8391E-06 

22.307 

0 

3700 

0.0884 

0.7932 

150156 

0.0058 

997 

5.1068E-06 

22.441 

0 

3699 

0.0893 

0.7996 

151503 

0.0064 

1347 

5.3753E-06 

22.676 

0 

3700 

0.0900 

0.8054 

152515 

0.0058 

1012 

5.5018E-06 

22.790 

0 

3700 

0.0909 

0.8117 

153525 

0.0062 

1010 

5.6891E-06 

22.973 

0 

3700 

0.0918 

0.8184 

154864 

0.0067 

1339 

6.0632E-06 

23.200 

0 

3700 

0.0926 

0.8244 

155862 

0.0060 

998 

6.2789E-06 

23.419 

0 

3699 

0.0933 

0.8295 

156531 

0.0051 

669 

6.3738E-06 

23.519 

0 

3701 

0.0942 

0.8361 

157532 

0.0066 

1001 

6.6732E-06 

23.761 

1 

3699 

0.0951 

0.8426 

158531 

0.0065 

999 

6.7797E-06 

23.951 

1 

3699 

0.0961 

0.8494 

159538 

0.0068 

1007 

6.9732E-06 

24.184 

1 

3700 

0.0971 

0.8561 

160533 

0.0068 

995 

7.529E-06 

24.471 

1 

3700 

0.0978 

0.8612 

161202 

0.0050 

669 

7.8154E-06 

24.582 

1 

3699 

0.0989 

0.8692 

162203 

0.0080 

1001 

8.371E-06 

24.852 

1 

3699 

0.0999 

0.8760 

162877 

0.0068 

674 

8.7181E-06 

25.039 

1 

3700 

0.1007 

0.8810 

163546 

0.0051 

669 

8.975E-06 

25.285 

1 

3699 

0.1016 

0.8874 

164224 

0.0064 

678 

9.3114E-06 

25.442 

1 

3700 

0.1026 

0.8937 

164894 

0.0063 

670 

9.8624E-06 

25.696 

1 

3701 

0.1035 

0.9000 

165562 

0.0063 

668 

1.0644E-05 

25.969 

1 

3700 

0.1046 

0.9073 

166233 

0.0072 

671 

1.1669E-05 

26.205 

1 

3700 

0.1060 

0.9159 

166895 

0.0087 

662 

1.3068E-05 

26.522 

1 

3699 

0.1072 

0.9239 

167559 

0.0080 

664 

1.5405E-05 

26.819 

1 

3700 

0.1081 

0.9297 

167892 

0.0058 

333 

1.74E-05 

27.023 

1 

3698 

0.1090 

0.9350 

168224 

0.0054 

332 

1.9159E-05 

27.233 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strengthy'2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH TESTLOGNO. : S41390 

P.O. NO. : F58154BT MATERIAL : Inner Layer 

SPECIMEN NUMBER : FCG-I-B-4 TEST MACHINE : HI 76 

YIELD STRENGTH : 82.2 ksi 
MODULUS : 30.0 Msi 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 5/10/2013 
CRACK PLANE ORIENTATION : L-T 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2503 in 
WIDTH (W) : 0.9999 in 
NOTCH (An) : 0.2030 in 


T esting Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 642.90 lb 
MINIMUM LOAD : 450.0 lb 
LOAD RANGE : 192.9 lb 


STRESS RATIO : 0.70 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE : ROOM 
HUMIDITY : 16% - 39% 
ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

642 

0.0582 

0.2877 

444536 

0.0048 

165617 

2.8962E-08 

4.195 

0 

642 

0.0591 

0.2923 

610209 

0.0046 

165673 

2.8873E-0S 

4.248 

0 

642 

0.0599 

0.2970 

754212 

0.0046 

144003 

3.0666E-08 

4.296 

0 

642 

0.0608 

0.3015 

908258 

0.0046 

154046 

3.1398E-08 

4.351 

0 

643 

0.0617 

0.3063 

1060529 

0.0048 

152271 

3.3038E-08 

4.404 

0 

643 

0.0625 

0.3109 

1189411 

0.0045 

128882 

3.4475E-08 

4.451 

0 

642 

0.0634 

0.3154 

1335255 

0.0045 

145844 

3.6814E-08 

4.510 

0 

642 

0.0643 

0.3200 

1442480 

0.0046 

107225 

3.7919E-08 

4.557 

0 

642 

0.0652 

0.3245 

1562439 

0.0045 

119959 

3.934E-08 

4.614 

0 

642 

0.0661 

0.3293 

1674098 

0.0048 

111659 

4.141E-08 

4.665 

0 

643 

0.0671 

0.3343 

1805666 

0.0050 

131568 

4.2604E-08 

4.734 

0 

642 

0.0681 

0.3391 

1916482 

0.0048 

110816 

4.4071E-08 

4.793 

0 

643 

0.0691 

0.3444 

2022623 

0.0053 

106141 

4.5625E-08 

4.855 

0 

642 

0.0701 

0.3491 

2132276 

0.0047 

109653 

5.1619E-08 

4.911 

0 

642 

0.0710 

0.3537 

2228452 

0.0046 

96176 

6.4034 E-08 

4.972 

0 

642 

0.0720 

0.3582 

2317828 

0.0045 

89376 

7.2684E-08 

5.053 

0 

642 

0.0729 

0.3628 

2351292 

0.0046 

33464 

7.1644E-08 

5.091 

0 

642 

0.0740 

0.3679 

2397310 

0.0050 

46018 

7. 6109 E-08 

5.138 

0 

642 

0.0750 

0.3725 

2478004 

0.0047 

80694 

7.6084E-08 

5.223 

0 

643 

0.0760 

0.3771 

2545802 

0.0046 

67798 

6.9317E-08 

5.289 

0 

643 

0.0770 

0.3819 

2614108 

0.0048 

68306 

6.6067E-08 

5.354 

0 

642 

0.0780 

0.3864 

2677214 

0.0045 

63106 

6.702E-08 

5.408 

0 

642 

0.0791 

0.3911 

2749673 

0.0047 

72459 

6.6306E-08 

5.474 

0 

643 

0.0801 

0.3959 

2830125 

0.0047 

80452 

6.6203E-08 

5.557 

0 

642 

0.0811 

0.4004 

2892981 

0.0045 

62856 

6.7034E-08 

5.608 

0 

643 

0.0822 

0.4052 

2967004 

0.0048 

74023 

7.0292E-08 

5.692 

0 
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643 

0.0833 

0.4099 

3032355 

0.0047 

65351 

7.4837E-08 

5.769 

0 

642 

0.0844 

0.4145 

3096546 

0.0046 

64191 

7.8291E-08 

5.828 

0 

643 

0.0855 

0.4191 

3150406 

0.0045 

53860 

8.1372E-08 

5.903 

0 

642 

0.0866 

0.4237 

3202357 

0.0047 

51951 

8.0421E-08 

5.975 

0 

642 

0.0877 

0.4286 

3262110 

0.0048 

59753 

7.9507E-0S 

6.053 

0 

642 

0.0888 

0.4331 

3314515 

0.0045 

52405 

7.8473E-08 

6.114 

0 

642 

0.0900 

0.4377 

3390104 

0.0046 

75589 

7.9698E-08 

6.221 

0 

642 

0.0911 

0.4425 

3451691 

0.0048 

61587 

8.S381E-08 

6.302 

0 

642 

0.0924 

0.4474 

3501646 

0.0049 

49955 

9.893E-08 

6.379 

0 

642 

0.0935 

0.4520 

3552024 

0.0046 

50378 

1.1303E-07 

6.468 

0 

643 

0.0947 

0.4566 

3585718 

0.0046 

33694 

1.1709E-07 

6.560 

0 

642 

0.0960 

0.4616 

3627610 

0.0050 

41892 

1.2015E-07 

6.645 

0 

642 

0.0972 

0.4664 

3660392 

0.0048 

32782 

1.2585E-07 

6.725 

0 

642 

0.0986 

0.4714 

3705655 

0.0050 

45263 

1.2691E-07 

6.828 

0 

642 

0.1001 

0.4770 

3754418 

0.0056 

48763 

1.3306E-07 

6.953 

0 

642 

0.1015 

0.4823 

3788090 

0.0053 

33672 

1.402E-07 

7.046 

0 

643 

0.1029 

0.4874 

3825559 

0.0051 

37469 

1.4693E-07 

7.172 

0 

643 

0.1042 

0.4922 

3857206 

0.0048 

31647 

1.5304E-07 

7.284 

0 

642 

0.1058 

0.4977 

3889745 

0.0055 

32539 

1.598E-07 

7.371 

0 

642 

0.1075 

0.5036 

3930106 

0.0059 

40361 

1.5209E-07 

7.537 

0 

642 

0.1089 

0.5086 

3959548 

0.0050 

29442 

1.4951E-07 

7.658 

0 

643 

0.1104 

0.5135 

3982284 

0.0049 

22736 

1.4657E-07 

7.734 

0 

643 

0.1122 

0.5195 

4045872 

0.0060 

63588 

1.5552E-07 

7.953 

0 

643 

0.1138 

0.5249 

4075744 

0.0054 

29872 

1.7838E-07 

8.048 

0 

642 

0.1155 

0.5303 

4111233 

0.0054 

35489 

1.9915E-07 

8.226 

0 

642 

0.1171 

0.5355 

4125519 

0.0053 

14286 

2.1981E-07 

8.313 

0 

642 

0.1189 

0.5410 

4151595 

0.0054 

26076 

2.2329E-07 

8.484 

0 

642 

0.1205 

0.5459 

4178349 

0.0049 

26754 

2.4543E-07 

8.665 

0 

642 

0.1229 

0.5531 

4197072 

0.0072 

18723 

2.5261E-07 

8.787 

0 

642 

0.1249 

0.5589 

4234462 

0.0058 

37390 

2.8365E-07 

9.112 

0 

642 

0.1279 

0.5677 

4252893 

0.0087 

18431 

2.7815E-07 

9.280 

0 

642 

0.1298 

0.5730 

4270852 

0.0054 

17959 

2.8549E-07 

9.449 

0 

642 

0.1316 

0.5779 

4290033 

0.0049 

19181 

3.1311E-07 

9.670 

0 

642 

0.1334 

0.5829 

4312593 

0.0050 

22560 

3.3167E-07 

9.900 

0 

642 

0.1355 

0.5885 

4325462 

0.0056 

12869 

3.5952E-07 

10.064 

0 

643 

0.1375 

0.5937 

4336154 

0.0052 

10692 

3.7482E-07 

10.231 

0 

643 

0.1400 

0.5998 

4354347 

0.0062 

18193 

4.0652E-07 

10.552 

0 

642 

0.1414 

0.6034 

4362115 

0.0045 

2429 

4.3089E-07 

10.650 

0 

643 

0.1438 

0.6093 

4377507 

0.0059 

15392 

5.234E-07 

10.937 

0 

643 

0.1460 

0.6144 

4388432 

0.0052 

10925 

5.726E-07 

11.214 

0 

642 

0.1484 

0.6199 

4395229 

0.0055 

6797 

6.005SE-07 

11.386 

0 

643 

0.1504 

0.6244 

4400321 

0.0046 

5092 

6.1751E-07 

11.568 

0 

642 

0.1526 

0.6293 

4410756 

0.0048 

10435 

6.1391E-07 

11.894 

0 

642 

0.1548 

0.6339 

4417308 

0.0047 

6552 

5.9379E-07 

12.074 

0 

643 

0.1570 

0.6386 

4426774 

0.0047 

9466 

6.1324E-07 

12.369 

0 

643 

0.1596 

0.6438 

4435278 

0.0052 

8504 

6.6552E-07 

12.650 

0 

642 

0.1619 

0.6485 

4441344 

0.0047 

6066 

7.1455E-07 

12.885 

0 

643 

0.1648 

0.6540 

4449350 

0.0056 

8006 

8.2312E-07 

13.255 

1 

642 

0.1674 

0.6587 

4455178 

0.0047 

5828 

9.1766E-07 

13.533 

1 
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642 

0.1699 

0.6634 

4460036 

0.0046 

4858 

1.0371E-06 

13.826 

1 

642 

0.1729 

0.6686 

4464644 

0.0052 

4608 

1.2124E-06 

14.138 

1 

642 

0.1763 

0.6743 

4469737 

0.0057 

5093 

1.4758E-06 

14.590 

1 

642 

0.1794 

0.6792 

4472893 

0.0050 

3156 

1.6422E-06 

14.961 

1 

642 

0.1828 

0.6844 

4475565 

0.0052 

2672 

2.0027E-06 

15.279 

1 

642 

0.1860 

0.6892 

4477992 

0.0047 

2427 

2.6641E-06 

15.693 

1 

643 

0.1893 

0.6939 

4480660 

0.0047 

2668 

4.1909E-06 

16.374 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength)^) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH TESTLOGNO. : S41391 

P.O. NO. : F58154BT MATERIAL : Inner Layer 

SPECIMEN NUMBER : FCG-I-B-5 TEST MACHINE : H288 

Y IEL D STRENGTH : 150.0 ksi 
MODULUS : 30.0 Msi 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 4/22/2013 
CRACK PLANE O RIEN TATION : L-T 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2500 in 
WIDTH (W) : 2.0031 in 
NOTCH (An) : 0.4019 in 


T estina Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 1355.30 lb 
MINIMUM LOAD : 203.3 lb 
LOAD RANGE : 1152.0 lb 


STRESS RATIO : 0.15 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE (F) : -20 
HUMIDITY : N/A 
ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

1355 

0.0553 

0.4840 

67502 

0.0091 

8797 

5.406E-07 

15.584 

0 

1355 

0.0560 

0.4923 

94460 

0.0083 

26958 

6.0823E-07 

15.898 

0 

1355 

0.0567 

0.5005 

107924 

0.0082 

13464 

6.3734E-07 

16.060 

0 

1355 

0.0575 

0.5091 

114903 

0.0086 

6979 

6.3094 E-07 

16.172 

0 

1355 

0.0585 

0.5202 

131169 

0.0111 

16266 

7.43E-07 

16.432 

0 

1355 

0.0593 

0.5288 

145576 

0.0086 

14407 

7.7341E-07 

16.672 

0 

1355 

0.0600 

0.5364 

156709 

0.0076 

11133 

7.7854E-07 

16.858 

0 

1355 

0.0609 

0.5465 

165086 

0.0101 

8377 

8.1316E-07 

17.009 

0 

1356 

0.0619 

0.5572 

179018 

0.0108 

13932 

8.9683E-07 

17.286 

0 

1355 

0.0627 

0.5661 

190622 

0.0089 

11604 

1.0375E-06 

17.516 

0 

1355 

0.0635 

0.5743 

198506 

0.0081 

7884 

1.0535E-06 

17.691 

0 

1356 

0.0645 

0.5841 

206840 

0.0098 

8334 

1.0754 E-06 

17.924 

0 

1355 

0.0654 

0.5938 

211946 

0.0098 

5106 

1.1634E-06 

18.065 

0 

1356 

0.0664 

0.6043 

224012 

0.0105 

12066 

1.1973E-06 

18.410 

0 

1356 

0.0673 

0.6135 

233763 

0.0092 

9751 

1.2927E-06 

18.670 

0 

1356 

0.0682 

0.6219 

237485 

0.0084 

3722 

1.2921E-06 

18.779 

0 

1354 

0.0691 

0.6316 

244906 

0.0097 

7421 

1.3646E-06 

19.025 

0 

1355 

0.0700 

0.6397 

250489 

0.0081 

5583 

1.414E-06 

19.236 

0 

1355 

0.0711 

0.6505 

258388 

0.0108 

7899 

1.4092E-06 

19.496 

0 

1355 

0.0719 

0.6583 

264888 

0.0078 

6500 

1.5127E-06 

19.710 

0 

1355 

0.0728 

0.6671 

270917 

0.0088 

6029 

1.7956E-06 

19.950 

0 

1356 

0.0736 

0.6750 

274633 

0.0080 

3716 

1.S012E-06 

20.129 

0 

1354 

0.0744 

0.6830 

279281 

0.0079 

4648 

1.9714E-06 

20.339 

0 

1355 

0.0754 

0.6924 

282072 

0.0094 

2791 

2.0627E-06 

20.528 

0 

1355 

0.0763 

0.7005 

288093 

0.0081 

6021 

2.2036E-06 

20.838 

0 

1355 

0.0772 

0.7087 

290871 

0.0082 

2778 

2.2763E-06 

21.005 

0 
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1355 

0.0782 

0.7176 

295056 

0.0089 

4185 

2.2545E-06 

21.279 

0 

1355 

0.0791 

0.7260 

297846 

0.0084 

2790 

2.4269E-06 

21.471 

0 

1356 

0.0804 

0.7384 

302949 

0.0123 

5103 

2.2974 E-06 

21.844 

0 

1355 

0.0817 

0.7495 

308536 

0.0112 

5587 

2.3699E-06 

22.146 

0 

1355 

0.0826 

0.7576 

312246 

0.0081 

3710 

2.5183E-06 

22.392 

0 

1356 

0.0836 

0.7661 

315960 

0.0085 

3714 

2. 8451 E-06 

22.661 

0 

1355 

0.0847 

0.7763 

318749 

0.0102 

2789 

2. 9488 E-06 

22.915 

0 

1355 

0.0858 

0.7854 

321990 

0.0091 

3241 

3.1785E-06 

23.227 

0 

1355 

0.0871 

0.7967 

324775 

0.0113 

2785 

3.3343E-06 

23.497 

0 

1354 

0.0880 

0.8045 

328012 

0.0078 

3237 

3.3833E-06 

23.822 

0 

1355 

0.0892 

0.8142 

330332 

0.0097 

2320 

3.4243E-06 

24.098 

0 

1355 

0.0903 

0.8241 

333109 

0.0099 

2777 

3.5773E-06 

24.399 

0 

1355 

0.0913 

0.8318 

335434 

0.0077 

2325 

4.0081E-06 

24.676 

0 

1356 

0.0924 

0.8412 

338216 

0.0094 

2782 

4.194E-06 

25.066 

0 

1355 

0.0938 

0.8526 

340534 

0.0114 

2318 

4.5773E-06 

25.391 

0 

1355 

0.0953 

0.8647 

342391 

0.0121 

1857 

4.7929E-06 

25.722 

0 

1356 

0.0969 

0.8768 

345638 

0.0122 

3247 

4.9376E-06 

26.317 

0 

1356 

0.0991 

0.8947 

348424 

0.0179 

2786 

4.7372E-06 

26.846 

0 

1355 

0.1003 

0.9035 

350741 

0.0089 

2317 

4. 8834 E-06 

27.204 

0 

1356 

0.1017 

0.9141 

353053 

0.0105 

2312 

5.3967E-06 

27.706 

0 

1355 

0.1027 

0.9218 

354902 

0.0077 

1849 

5.7514 E-06 

28.045 

0 

1355 

0.1039 

0.9307 

355828 

0.0089 

926 

6.4691E-06 

28.257 

0 

1355 

0.1049 

0.9386 

356762 

0.0078 

934 

6.4791E-06 

28.551 

0 

1355 

0.1061 

0.9467 

358613 

0.0081 

1851 

7.1506E-06 

29.102 

0 

1355 

0.1072 

0.9553 

359074 

0.0085 

461 

6.9444E-06 

29.199 

0 

1355 

0.1086 

0.9655 

361392 

0.0103 

2318 

8.1931E-06 

29.888 

0 

1355 

0.1106 

0.9794 

362320 

0.0139 

928 

8.3145E-06 

30.311 

0 

1355 

0.1125 

0.9929 

364180 

0.0135 

I860 

8.8418E-06 

31.046 

0 

1355 

0.1143 

1.0051 

365104 

0.0122 

924 

9.0583E-06 

31.524 

0 

1356 

0.1160 

1.0170 

366966 

0.0118 

1862 

8.9834 E-06 

32.336 

0 

1355 

0.1172 

1.0249 

367432 

0.0079 

466 

9.3006E-06 

32.537 

0 

1355 

0.1192 

1.0383 

369288 

0.0134 

1856 

1.0296E-05 

33.414 

0 

1355 

0.1205 

1.0464 

369756 

0.0081 

468 

1.1603E-05 

33.670 

0 

1355 

0.1220 

1.0560 

370679 

0.0096 

923 

1.2189E-05 

34.274 

0 

1355 

0.1236 

1.0662 

371608 

0.0102 

929 

1.3638E-05 

34.944 

0 

1355 

0.1266 

1.0855 

372541 

0.0193 

933 

1.341E-05 

35.788 

0 

1355 

0.1280 

1.0936 

373470 

0.0081 

929 

1.3776E-05 

36.564 

0 

1354 

0.1295 

1.1029 

373938 

0.0093 

468 

1.4177E-05 

36.997 

0 

1354 

0.1321 

1.1185 

375326 

0.0157 

1388 

1.5501E-05 

38.121 

0 

1356 

0.1336 

1.1272 

375787 

0.0087 

461 

1.8471E-05 

38.661 

0 

1356 

0.1351 

1.1359 

376250 

0.0087 

463 

2.0182E-05 

39.268 

0 

1355 

0.1364 

1.1436 

376714 

0.0076 

464 

2.2035E-05 

39.972 

0 

1355 

0.1401 

1.1641 

377417 

0.0162 

241 

2.44E-05 

41.230 

0 

1355 

0.1421 

1.1747 

377884 

0.0107 

467 

2.5875E-05 

42.146 

0 

1355 

0.1440 

1.1850 

378348 

0.0102 

464 

2.7091E-05 

43.184 

0 

1355 

0.1459 

1.1951 

378656 

0.0101 

308 

2.7217E-05 

43.851 

0 

1355 

0.1476 

1.2039 

378966 

0.0088 

310 

2.8298E-05 

44.609 

0 

1355 

0.1494 

1.2131 

379275 

0.0092 

309 

2.9978E-05 

45.389 

0 

1355 

0.1519 

1.2255 

379737 

0.0124 

462 

3.1625E-05 

46.636 

0 
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1355 

0.1539 

1.2354 

380050 

0.0099 

313 

3.2917E-05 

47.616 

0 

1355 

0.1565 

1.2476 

380358 

0.0122 

308 

3.5158E-05 

48.636 

0 

1355 

0.1587 

1.2582 

380666 

0.0107 

308 

3.8555E-05 

49.802 

0 

1355 

0.1610 

1.2687 

380976 

0.0104 

310 

4.1379E-05 

51.118 

0 

1354 

0.1641 

1.2826 

381286 

0.0139 

310 

4.59S3E-05 

52.553 

1 

1355 

0.1662 

1.2915 

381441 

0.0089 

155 

4.8172E-05 

53.424 

1 

1355 

0.1694 

1.3051 

381751 

0.0136 

310 

5.3986E-05 

55.405 

1 

1355 

0.1718 

1.3152 

381906 

0.0101 

155 

5.8761E-05 

56.421 

1 

1354 

0.1737 

1.3228 

382061 

0.0077 

155 

6.6764E-05 

57.596 

1 

1354 

0.1764 

1.3335 

382214 

0.0106 

153 

7.6185E-05 

59.014 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Proiect Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-I-B-6 
YIELD STRENGTH : 82.2 ksi 
MODULUS : 30.0 Msi 

TESTLOGNO. : S41392 
MATERIAL : Inner Layer 
TEST MACHINE : H288 

WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 5/14/2013 
CRACK PLANE ORIENTATION : L-T 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2504 in 
WIDTH (W) : 1.0002 in 
NOTCH (An) : 0.2006 in 



T estine Par am eters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 419.50 lb 
MINIMUM LOAD : 62.9 lb 
LOAD RANGE : 356.6 lb 

STRESS RATIO : 0.15 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE (F) : -20 
HUMIDITY : 18% - 32% 
ANALYSIS METHOD : 7 PT. POLY. 

Pmax EPD a 

lb in 

N da dN 

in 

da/dN AK Invalid Pts 

in/cycle ksi(Sqrt.in) 


419 

0.0754 

0.2682 

493974 

0.0053 

101406 

5.4321E-08 

7.371 

0 

419 

0.0768 

0.2743 

584902 

0.0062 

90928 

5.918E-08 

7.457 

0 

419 

0.0780 

0.2796 

686134 

0.0053 

101232 

6.6655E-08 

7.589 

0 

419 

0.0793 

0.2849 

768948 

0.0053 

82814 

8.0355E-08 

7.698 

0 

419 

0.0805 

0.2902 

834229 

0.0053 

65281 

8.6853E-0S 

7.793 

0 

419 

0.0818 

0.2955 

893004 

0.0053 

58775 

9.2373E-08 

7.915 

0 

420 

0.0831 

0.3013 

927554 

0.0058 

34550 

9.5247E-0S 

8.009 

0 

420 

0.0844 

0.3065 

1000037 

0.0052 

72483 

9.5884E-08 

8.149 

0 

420 

0.0858 

0.3121 

1056378 

0.0056 

56341 

9.5656E-08 

8.271 

0 

419 

0.0871 

0.3174 

1118850 

0.0053 

62472 

9.8792E-08 

8.343 

0 

419 

0.0884 

0.3228 

1169627 

0.0054 

50777 

1.0328E-07 

8.466 

0 

421 

0.0898 

0.3282 

1219148 

0.0054 

49521 

1.4093E-07 

8.630 

0 

419 

0.0911 

0.3334 

1263376 

0.0052 

44228 

1.3713E-07 

8.762 

0 

419 

0.0925 

0.3386 

1314845 

0.0052 

51469 

1.4471E-07 

8.939 

0 

419 

0.0976 

0.3582 

1428622 

0.0071 

111539 

1.4603E-07 

9.328 

0 

419 

0.0993 

0.3645 

1462356 

0.0063 

33734 

1.4687E-07 

9,414 

0 

420 

0.1008 

0.3699 

1506198 

0.0054 

43842 

1.4168E-07 

9.614 

0 

419 

0.1028 

0.3774 

1540831 

0.0074 

34633 

1.5787E-07 

9.731 

0 

419 

0.1045 

0.3835 

1587751 

0.0061 

46920 

1.6414E-07 

9.912 

0 

419 

0.1061 

0.3891 

1627598 

0.0056 

39847 

1.8085E-07 

10.078 

0 

419 

0.1078 

0.3950 

1656107 

0.0060 

28509 

1.9509E-07 

10.223 

0 

420 

0.1094 

0.4007 

1683715 

0.0056 

27608 

2.2585E-07 

10.372 

0 

419 

0.1110 

0.4062 

1707377 

0.0056 

23662 

2.4273E-07 

10.513 

0 

420 

0.1127 

0.4121 

1734120 

0.0059 

26743 

2.6171E-07 

10.739 

0 

419 

0.1145 

0.4181 

1749015 

0.0060 

14895 

2.5932E-07 

10.827 

0 

419 

0.1161 

0.4235 

1773141 

0.0054 

24126 

2.6482E-07 

11.056 

0 
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419 

0.1177 

0.4288 

1790209 

0.0053 

17068 

2.701E-07 

11.167 

0 

420 

0.1195 

0.4348 

1819132 

0.0060 

28923 

2.7606E-07 

11.401 

0 

419 

0.1213 

0.4407 

1837294 

0.0059 

18162 

2.9825E-07 

11.561 

0 

420 

0.1230 

0.4461 

1855018 

0.0053 

17724 

3.1879E-07 

11.771 

0 

420 

0.1247 

0.4516 

1872750 

0.0055 

17732 

3.4299E-07 

11.959 

0 

420 

0.1264 

0.4568 

1886114 

0.0053 

13364 

3.562E-07 

12.134 

0 

420 

0.1283 

0.4626 

1902570 

0.0058 

16456 

3.8766E-07 

12.364 

0 

419 

0.1300 

0.4679 

1916360 

0.0052 

13790 

4.0626E-07 

12.510 

0 

419 

0.1317 

0.4733 

1929704 

0.0054 

13344 

4.2825E-07 

12.708 

0 

419 

0.1336 

0.4789 

1940429 

0.0056 

10725 

4.5857E-07 

12.888 

0 

420 

0.1355 

0.4847 

1954887 

0.0058 

14458 

4.7798E-07 

13.153 

0 

419 

0.1376 

0.4908 

1966679 

0.0061 

11792 

5.1464E-07 

13.329 

0 

418 

0.1397 

0.4968 

1976741 

0.0061 

10062 

5.2475E-07 

13.572 

0 

419 

0.1418 

0.5028 

1990762 

0.0060 

14021 

5.5228E-07 

13.855 

0 

418 

0.1447 

0.5111 

2001711 

0.0083 

10949 

5.7715E-07 

14.148 

0 

419 

0.1467 

0.5164 

2013521 

0.0053 

11810 

6.1754E-07 

14.488 

0 

420 

0.1486 

0.5219 

2022489 

0.0054 

8968 

6.7504E-07 

14.747 

0 

419 

0.1510 

0.5282 

2031030 

0.0063 

8541 

7.0087E-07 

15.022 

0 

420 

0.1531 

0.5337 

2038690 

0.0055 

7660 

7.8134E-07 

15.337 

0 

419 

0.1554 

0.5399 

2045478 

0.0061 

6788 

S.2392E-07 

15.562 

0 

419 

0.1576 

0.5457 

2054253 

0.0059 

8775 

8.6703E-07 

15.978 

0 

419 

0.1599 

0.5515 

2058641 

0.0057 

4388 

9.117SE-07 

16.203 

0 

419 

0.1620 

0.5567 

2065198 

0.0052 

6557 

9.8841E-07 

16.526 

0 

419 

0.1641 

0.5620 

2071116 

0.0054 

5918 

1.058E-06 

16.911 

0 

418 

0.1667 

0.5683 

2076378 

0.0063 

5262 

1.1385E-06 

17.210 

0 

419 

0.1693 

0.5747 

2081419 

0.0064 

5041 

1.2296E-06 

17.641 

0 

421 

0.1719 

0.5806 

2086921 

0.0060 

5502 

1.3903E-06 

18.235 

0 

419 

0.1741 

0.5859 

2090005 

0.0053 

3084 

1.4589E-06 

18.374 

0 

419 

0.1764 

0.5911 

2094158 

0.0052 

4153 

1.5984E-06 

18.827 

0 

419 

0.1789 

0.5966 

2096564 

0.0055 

2406 

1.6976E-06 

19.130 

0 

419 

0.1812 

0.6019 

2100280 

0.0053 

3716 

1.8313E-06 

19.631 

0 

420 

0.1840 

0.6080 

2103324 

0.0061 

3044 

1.981E-06 

20.033 

0 

420 

0.1865 

0.6132 

2105942 

0.0052 

2618 

2.0864E-06 

20.444 

0 

420 

0.1892 

0.6190 

2108570 

0.0058 

2628 

2.3149E-06 

21.016 

0 

419 

0.1922 

0.6251 

2111185 

0.0061 

2615 

2.3908E-06 

21.527 

0 

419 

0.1953 

0.6314 

2113811 

0.0063 

2626 

2.5972E-06 

22.173 

0 

419 

0.1983 

0.6374 

2115573 

0.0059 

1762 

2.659E-06 

22.563 

0 

419 

0.2010 

0.6426 

2118204 

0.0052 

2631 

2.896E-06 

23.302 

0 

419 

0.2040 

0.6482 

2119509 

0.0056 

1305 

3.1188E-06 

23.690 

0 

420 

0.2071 

0.6540 

2121917 

0.0058 

2408 

3.6751E-06 

24.579 

0 

419 

0.2103 

0.6598 

2123237 

0.0058 

1320 

3.8684E-06 

25.133 

0 

419 

0.2141 

0.6665 

2124768 

0.0066 

1531 

4.1276E-06 

25.903 

0 

420 

0.2178 

0.6728 

2126078 

0.0064 

1310 

4.5104E-06 

26.677 

0 

418 

0.2210 

0.6782 

2127609 

0.0054 

1531 

4.9635E-06 

27.443 

0 

420 

0.2244 

0.6839 

2128703 

0.0057 

1094 

5.4615E-06 

28.246 

0 

419 

0.2277 

0.6892 

2129582 

0.0053 

879 

6.063E-06 

28.947 

0 

420 

0.2315 

0.6950 

2130462 

0.0059 

880 

6.7568E-06 

29.859 

0 

420 

0.2351 

0.7005 

2131340 

0.0055 

878 

7.1511E-06 

30.809 

0 

419 

0.2401 

0.7077 

2132210 

0.0072 

870 

7.8289E-06 

31.833 

0 
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420 

0.2438 

0.7130 

2132862 

0.0053 

652 

8.722E-06 

32.806 

0 

419 

0.2509 

0.7226 

2134144 

0.0054 

846 

1.1916E-05 

35.183 

1 

419 

0.2551 

0.7281 

2134509 

0.0055 

365 

1.5511E-05 

35.938 

1 

419 

0.2598 

0.7341 

2134875 

0.0060 

366 

1.8824E-05 

37.231 

1 

419 

0.2645 

0.7398 

2135167 

0.0057 

292 

2.1282E-05 

38.500 

1 

420 

0.2705 

0.7467 

2135456 

0.0069 

289 

2.4645E-05 

40.120 

1 

419 

0.2753 

0.7520 

2135676 

0.0053 

220 

2.7081E-05 

41.548 

1 

419 

0.2807 

0.7578 

2135896 

0.0058 

220 

3.1395E-05 

43.290 

1 

419 

0.2884 

0.7655 

2136116 

0.0077 

220 

3.9346E-05 

45.256 

1 

419 

0.2957 

0.7724 

2136336 

0.0069 

220 

6.168E-05 

48.295 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/P i ) ( K m ax/ 0 . 2% Yield Strength/' 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH TESTLOGNO. : S41393 

P.O. NO. : F58154BT MATERIAL : Inner Layer 

SPECIMEN NUMBER : FCG-I-B-7 TEST MACHINE : H288 

YIELD STRENGTH : 150.0 ksi 
MODULUS : 30.0 Msi 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 4/23/2013 
CRACK PLANE ORIENTATION : L-T 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2502 in 
WIDTH (W) : 0.9996 in 
NOTCH (An) : 0.2025 in 


T estins Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 2286.30 lb 
MINIMUM LOAD : 1600.4 lb 
LOAD RANGE : 685.9 lb 


STRESS RATIO : 0.70 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE (F) : -20 
HUMIDITY : N/A 
ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

2286 

0.0904 

0.2946 

14862 

0.0017 

3007 

7.0602E-07 

15.196 

0 

2286 

0.0910 

0.2967 

17525 

0.0021 

2663 

7.4021E-07 

15.273 

0 

2286 

0.0915 

0.2981 

20218 

0.0014 

2693 

7.9946E-07 

15.356 

0 

2285 

0.0919 

0.2994 

21566 

0.0013 

1348 

7.7575E-07 

15.380 

0 

2286 

0.0923 

0.3005 

22569 

0.0011 

1003 

7.6784 E-07 

15.434 

0 

2286 

0.0926 

0.3016 

23908 

0.0011 

1339 

8.4025E-07 

15.485 

0 

2285 

0.0931 

0.3032 

26255 

0.0015 

2347 

8.0072E-07 

15.551 

0 

2286 

0.0936 

0.3049 

28593 

0,0018 

2338 

7.7533E-07 

15.621 

0 

2286 

0.0940 

0.3062 

29590 

0.0013 

997 

8.1486E-07 

15.667 

0 

2286 

0.0946 

0.3080 

31932 

0.0018 

2342 

8.0049E-07 

15.730 

0 

2286 

0.0951 

0.3094 

34279 

0.0014 

2347 

8.3617E-07 

15.811 

0 

2286 

0.0955 

0.3106 

34614 

0.0012 

335 

8.0088E-07 

15.835 

0 

2286 

0.0960 

0.3123 

37952 

0.0017 

3338 

8.4388E-07 

15.942 

0 

2286 

0.0967 

0.3145 

39287 

0.0022 

1335 

9.0726E-07 

15.987 

0 

2286 

0.0971 

0.3158 

41638 

0.0013 

2351 

9.7935E-07 

16.063 

0 

2286 

0.0978 

0.3179 

43640 

0.0021 

2002 

1.015E-06 

16.175 

0 

2286 

0.0985 

0.3200 

44983 

0.0021 

1343 

9.8685E-07 

16.216 

0 

2286 

0.0989 

0.3210 

46322 

0.0010 

1339 

9.8961E-07 

16.303 

0 

2286 

0.0993 

0.3223 

47663 

0.0012 

1341 

9.2668E-07 

16.351 

0 

2285 

0.1000 

0.3246 

49998 

0.0023 

2335 

8.2646E-07 

16.392 

0 

2286 

0,1004 

0.3258 

52660 

0.0012 

2662 

8.8306E-07 

16.497 

0 

2286 

0.1008 

0.3269 

53658 

0.0012 

998 

9.2549E-07 

16.536 

0 

2286 

0.1012 

0.3281 

53995 

0.0011 

337 

8.8189E-07 

16.548 

0 

2286 

0.1018 

0.3298 

56338 

0.0018 

2343 

1.0123E-06 

16.637 

0 

2286 

0.1023 

0.3313 

57680 

0.0015 

1342 

9.7275E-07 

16.701 

0 

2286 

0.1029 

0.3331 

59698 

0.0018 

2018 

9.8858E-07 

16.787 

0 
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2286 

0.1035 

0.3349 

61707 

0.0018 

2009 

1.1378E-06 

16.860 

0 

2285 

0.1039 

0.3361 

62370 

0.0012 

663 

1.1145E-06 

16.900 

0 

2286 

0.1046 

0.3381 

64371 

0.0020 

2001 

1.1611E-06 

17.021 

0 

2286 

0.1054 

0.3404 

65702 

0.0024 

1331 

1.1681E-06 

17.084 

0 

2286 

0.1061 

0.3423 

67713 

0.0019 

2011 

1.0742E-06 

17.177 

0 

2286 

0.1066 

0.3439 

69386 

0.0016 

1673 

1.1909E-06 

17.272 

0 

2286 

0.1070 

0.3449 

70388 

0.0010 

1002 

1.186E-06 

17.322 

0 

2286 

0.1074 

0.3460 

71386 

0.0011 

998 

1.1936E-06 

17.364 

0 

2285 

0.1081 

0.3479 

72051 

0.0019 

665 

1.2698E-06 

17.403 

0 

2286 

0.1085 

0.3493 

73718 

0.0014 

1667 

1.2743E-06 

17.499 

0 

2287 

0.1091 

0.3507 

75052 

0.0014 

1334 

1.3634 E-06 

17.582 

0 

2286 

0.1096 

0.3522 

76060 

0.0015 

1008 

1.369E-06 

17.638 

1 

2286 

0.1100 

0.3534 

76731 

0.0011 

671 

1.5129E-06 

17.699 

1 

2286 

0.1106 

0.3551 

77754 

0.0017 

1023 

1.6262E-06 

17.764 

1 

2286 

0.1110 

0.3561 

78751 

0.0011 

997 

1.5885E-06 

17.838 

1 

2285 

0.1114 

0.3574 

79083 

0.0012 

332 

1.5906E-06 

17.841 

1 

2286 

0.1122 

0.3595 

80417 

0.0022 

1334 

1.5348E-06 

17.969 

1 

2286 

0.1126 

0.3606 

81425 

0.0011 

1008 

1.5739E-06 

18.040 

1 

2286 

0.1131 

0.3619 

82096 

0.0013 

671 

1.5346E-06 

18.062 

1 

2285 

0.1135 

0.3631 

83098 

0.0012 

1002 

1.6231E-06 

18.135 

1 

2286 

0.1141 

0.3647 

83769 

0.0016 

671 

1.6805E-06 

18.181 

1 

2286 

0.1146 

0.3661 

84770 

0.0014 

1001 

1.7433E-06 

18.284 

1 

2286 

0.1152 

0.3675 

85444 

0.0015 

674 

1.8417E-06 

18.350 

1 

2286 

0.1157 

0.3690 

86450 

0.0015 

1006 

1.9597E-06 

18.416 

1 

2285 

0.1163 

0.3706 

87116 

0.0015 

666 

2.1653E-06 

18.474 

1 

2287 

0.1168 

0.3720 

87781 

0.0014 

665 

2.2547E-06 

18.573 

1 

2285 

0.1174 

0.3735 

88449 

0.0016 

668 

2.327E-06 

18.629 

1 

2286 

0.1178 

0.3746 

88783 

0.0011 

334 

2.4387E-06 

18.658 

1 

2285 

0.1183 

0.3760 

89453 

0.0013 

670 

2.5695E-06 

18.724 

1 

2286 

0.1189 

0.3775 

90118 

0.0015 

665 

2.8568E-06 

18.825 

1 

2286 

0.1195 

0.3789 

90459 

0.0014 

341 

2.8375E-06 

18.888 

1 

2287 

0.1201 

0.3807 

91134 

0.0017 

675 

3.2167E-06 

19.018 

1 

2285 

0.1207 

0.3822 

91472 

0.0016 

338 

3.2224E-06 

19.030 

1 

2286 

0.1213 

0.3838 

92148 

0.0016 

676 

3.1863E-06 

19.154 

1 

2286 

0.1221 

0.3857 

92487 

0.0019 

339 

3.2471E-06 

19.238 

1 

2286 

0.1226 

0.3872 

93152 

0.0014 

665 

3.2678E-06 

19.322 

1 

2286 

0.1232 

0.3885 

93485 

0.0013 

333 

3.3639E-06 

19.353 

1 

2285 

0.1236 

0.3896 

93819 

0.0011 

334 

3.4544 E-06 

19.399 

1 

2285 

0.1240 

0.3908 

94156 

0.0011 

337 

3.8387E-06 

19.478 

1 

2286 

0.1250 

0.3932 

94825 

0.0024 

669 

4.603E-06 

19.619 

1 

2286 

0.1257 

0.3951 

95162 

0.0019 

337 

5.1299E-06 

19.693 

1 

2285 

0.1265 

0.3969 

95495 

0.0019 

333 

5.6789E-06 

19.786 

1 

2286 

0.1272 

0.3988 

95834 

0.0019 

339 

6.4529E-06 

19.892 

1 

2286 

0.1281 

0.4010 

96165 

0.0022 

331 

7.0766E-06 

20.004 

1 

2286 

0.1291 

0.4033 

96498 

0.0024 

333 

7.637E-06 

20.127 

1 

2286 

0.1304 

0.4064 

96832 

0.0031 

334 

8.2368E-06 

20.316 

1 

2286 

0.1315 

0.4092 

97164 

0.0028 

332 

8.8862E-06 

20.452 

1 

2286 

0.1326 

0.4119 

97496 

0.0026 

332 

1.0276E-05 

20.595 

1 
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Invalid Pts Column 

0 - V alid D atapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength)'' 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH TESTLOG NO. : S41394 

P.O. NO. : F58154BT MATERIAL : Inner Layer 

SPECIMEN NUMBER : FCG-I-B-8 TEST MACHINE : H288 

Y IEL D STRENGTH : 82.2 ksi 
MODULUS : 30.0 Msi 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 5/20/2013 
CRACK PLANE ORIENTATION : L-T 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2502 in 
WIDTH (W) : 1.0003 in 
NOTCH (An) : 0.2020 in 


T esting Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 607.80 lb 
MINIMUM LOAD : 425.5 lb 
LOAD RANGE : 182.3 lb 


STRESS RATIO : 0.70 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE (F) : -20 
HUMIDITY : N/A 
ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

607 

0.1031 

0.3732 

598106 

0.0043 

83328 

5.146E-08 

4.939 

0 

60S 

0.1042 

0.3773 

687134 

0.0041 

89028 

5.2809E-08 

5.033 

0 

608 

0.1055 

0.3816 

769084 

0.0043 

81950 

5.4735E-08 

5.023 

0 

60S 

0.1066 

0.3856 

828370 

0.0040 

59286 

5.6521E-08 

5.123 

0 

609 

0.1080 

0.3905 

919613 

0.0049 

91243 

5.9532E-08 

5.188 

0 

608 

0.1092 

0.3946 

989036 

0.0040 

69423 

5.966E-08 

5.223 

0 

607 

0.1105 

0.3990 

1056121 

0.0044 

67085 

6.1385E-08 

5.265 

0 

608 

0.1117 

0.4031 

1121605 

0.0041 

65484 

6.2823E-08 

5.317 

0 

609 

0.1129 

0.4071 

1196754 

0.0040 

75149 

6.4818E-08 

5.420 

0 

607 

0.1142 

0.4112 

1245575 

0.0041 

48821 

7.0144 E-08 

5.429 

0 

608 

0.1154 

0.4154 

1317758 

0.0042 

72183 

7.2984 E-08 

5.522 

0 

60S 

0.1167 

0.4195 

1372282 

0.0041 

54524 

7.6736E-08 

5.574 

0 

608 

0.1180 

0.4237 

1402773 

0.0042 

30491 

7.5788E-08 

5.650 

0 

608 

0.1192 

0.4278 

1475642 

0.0041 

72869 

7.8914 E-08 

5.690 

0 

608 

0.1209 

0.4332 

1534579 

0.0054 

58937 

8.1536E-08 

5.788 

0 

608 

0.1222 

0.4373 

1598300 

0.0041 

63721 

8.7182E-08 

5.884 

0 

609 

0.1236 

0.4417 

1644382 

0.0044 

46082 

9.3716E-08 

5.972 

0 

608 

0.1251 

0.4463 

1684716 

0.0046 

40334 

9.5207E-08 

5.991 

0 

608 

0.1265 

0.4509 

1734136 

0.0046 

49420 

9. 9464 E-08 

6.082 

0 

60S 

0.1279 

0.4552 

1773430 

0.0043 

39294 

1.0114 E-07 

6.159 

0 

607 

0.1293 

0.4594 

1821506 

0.0043 

48076 

1.0597E-07 

6.220 

0 

609 

0.1307 

0.4636 

1862820 

0.0042 

41314 

1.1426 E-07 

6.346 

0 

608 

0.1322 

0.4679 

1897752 

0.0044 

34932 

1.1793E-07 

6.408 

0 

607 

0.1337 

0.4726 

1932986 

0.0046 

35234 

1.2431E-07 

6.442 

0 

608 

0.1353 

0.4771 

1966495 

0.0045 

33509 

1.3062E-07 

6.541 

0 

608 

0.1367 

0.4812 

2003775 

0.0041 

37280 

1.3165E-07 

6.665 

0 
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609 

0.1381 

0.4853 

2032832 

0.0041 

29057 

1.3218E-07 

6.758 

0 

608 

0.1395 

0.4894 

2058244 

0.0041 

25412 

1.3601E-07 

6.768 

0 

607 

0.1410 

0.4934 

2092492 

0.0040 

34248 

1.4727E-07 

6.886 

0 

608 

0.1424 

0.4975 

2122646 

0.0041 

30154 

1.4936E-07 

7.001 

0 

609 

0.1441 

0.5022 

2150450 

0.0047 

27804 

1.5364E-07 

7.085 

0 

608 

0.1455 

0.5062 

2169425 

0.0040 

18975 

1.5958E-07 

7.177 

0 

608 

0.1471 

0.5104 

2202981 

0.0042 

33556 

1.6777E-07 

7.264 

0 

608 

0.1486 

0.5146 

2227403 

0.0043 

24422 

1.728E-07 

7.349 

0 

608 

0.1502 

0.5188 

2252125 

0.0041 

24722 

1.7371E-07 

7.446 

0 

607 

0.1518 

0.5230 

2270714 

0.0042 

18589 

1.852E-07 

7.537 

0 

608 

0.1534 

0.5271 

2294451 

0.0041 

23737 

1.929E-07 

7.649 

0 

609 

0.1550 

0.5314 

2321150 

0.0042 

26699 

2.0719E-07 

7.823 

0 

608 

0.1569 

0.5363 

2340786 

0.0049 

19636 

2.0815E-07 

7.879 

0 

609 

0.1586 

0.5408 

2361139 

0.0045 

20353 

2.1621E-07 

8.040 

0 

608 

0.1603 

0.5450 

2377749 

0.0042 

16610 

2.2317E-07 

8.125 

0 

608 

0.1622 

0.5496 

2403224 

0.0047 

25475 

2.1871E-07 

8.318 

0 

608 

0.1641 

0.5544 

2423190 

0.0048 

19966 

2.2803E-07 

8.364 

0 

608 

0.1659 

0.5586 

2442514 

0.0042 

19324 

2.3227E-07 

8.523 

0 

608 

0.1676 

0.5627 

2460774 

0.0041 

18260 

2.4517E-07 

8.685 

0 

608 

0.1695 

0.5673 

2475686 

0.0047 

14912 

2.5417E-07 

8.794 

0 

608 

0.1713 

0.5715 

2495726 

0.0042 

20040 

2.7425E-07 

8.943 

0 

608 

0.1732 

0.5759 

2509988 

0.0043 

14262 

2.9122E-07 

9.097 

0 

609 

0.1750 

0.5802 

2524910 

0.0043 

14922 

3.0716E-07 

9.246 

0 

608 

0.1770 

0.5847 

2538488 

0.0045 

13578 

3.2595E-07 

9.363 

0 

60S 

0.1792 

0.5895 

2552714 

0.0048 

14226 

3.3416E-07 

9.534 

0 

609 

0.1811 

0.5938 

2565244 

0.0042 

12530 

3.4464E-07 

9.753 

0 

608 

0.1832 

0.5983 

2578471 

0.0046 

13227 

3.5477E-07 

9.887 

0 

608 

0.1851 

0.6023 

2590354 

0.0040 

11883 

3.6765E-07 

10.047 

0 

608 

0.1870 

0.6064 

2600866 

0.0041 

10512 

3.835E-07 

10.176 

0 

608 

0.1890 

0.6107 

2611738 

0.0042 

10872 

4.003SE-07 

10.391 

0 

608 

0.1914 

0.6155 

2623544 

0.0048 

11806 

4.1757E-07 

10.541 

0 

608 

0.1934 

0.6197 

2633070 

0.0042 

9526 

4.3381E-07 

10.793 

0 

608 

0.1959 

0.6245 

2644297 

0.0049 

11227 

4.526E-07 

10.916 

0 

608 

0.1980 

0.6286 

2653736 

0.0041 

9439 

4.8368E-07 

11.164 

0 

607 

0.2001 

0.6329 

2661853 

0.0042 

8117 

5.1671E-07 

11.391 

0 

608 

0.2023 

0.6371 

2670719 

0.0042 

8866 

5.6465E-07 

11.645 

0 

609 

0.2046 

0.6413 

2677112 

0.0042 

6393 

5.8824E-07 

11.826 

0 

607 

0.2067 

0.6453 

2683910 

0.0040 

6798 

6.0282E-07 

12.014 

0 

609 

0.2095 

0.6503 

2691319 

0.0050 

7409 

6.2184E-07 

12.212 

0 

606 

0.2118 

0.6545 

2698439 

0.0041 

7120 

6.2518E-07 

12.524 

0 

610 

0.2142 

0.6586 

2705564 

0.0041 

7125 

6.3353E-07 

12.792 

1 

608 

0.2166 

0.6629 

2711990 

0.0043 

6426 

6.361E-07 

13.021 

1 

606 

0.2190 

0.6670 

2718090 

0.0041 

6100 

6.5439E-07 

13.261 

1 

607 

0.2217 

0.6714 

2724897 

0.0044 

6807 

7.0305E-07 

13.532 

1 

609 

0,2241 

0.6755 

2731318 

0.0041 

6421 

7.439SE-07 

13.813 

1 

608 

0.2268 

0.6797 

2737102 

0.0043 

5784 

8.0811E-07 

14,086 

1 

607 

0.2301 

0.6850 

2742195 

0.0052 

5093 

8.6604E-07 

14.501 

1 

607 

0,2331 

0.6896 

2748299 

0.0047 

6104 

9.6312E-07 

14.823 

1 

607 

0.2363 

0.6943 

2752680 

0.0047 

4381 

1.0349E-06 

15.223 

1 
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607 

0.2391 

0.6986 

2757138 

0.0042 

4458 

1.3532E-06 

15.579 

1 

608 

0.2420 

0.7027 

2760184 

0.0041 

3046 

1.3899E-06 

15.935 

1 

608 

0.2450 

0.7069 

2763864 

0.0043 

3680 

1.5819E-06 

16.495 

1 

606 

0.2506 

0.7147 

2765604 

0.0143 

28 

1.7667E-06 

16.292 

1 

608 

0.2542 

0.7193 

2770785 

0.0047 

5181 

2.2907E-06 

17.680 

1 

608 

0.2578 

0.7239 

2772202 

0.0046 

1417 

2.9334E-06 

17.989 

1 

608 

0.2615 

0.7286 

2773518 

0.0047 

1316 

3.8927E-06 

18.338 

1 

60S 

0.2649 

0.7327 

2774731 

0.0041 

1213 

5.1974 E-06 

18.951 

1 

608 

0.2685 

0.7369 

2775618 

0.0042 

887 

7.8012E-06 

19.550 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength)" 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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AO SMITH 1146a 
OUTER LAYER 
FATIGUE CRACK GROWTH 


/D 

Layer 

Orientation 

R 

Temp 

FCG-O-B-1 

Outer 

T-L 

0.7 

RT 

FCG-O-B-2 


173 


Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-O-B-1 
YIELD STRENGTH : 150.0 ksi 
MODULUS : 30.0 Msi 


TESTLOGNO. : S41385 
MATERIAL : Outer Layer 
TEST MACHINE : H53 


WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 4/12/2013 
CRACK PLANE ORIENTATION : T-L 


SPECIMEN MEASUREMENTS : 

SPECIMEN TYPE : CfT) 
THICKNESS (B) : 0.2038 in 
WIDTH (W) : 2.0029 in 
NOTCH (An) : 0.3999 in 


T esting Parian eters 

TE ST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 2960.10 lb 
MINIMUM LOAD : 2072.1 lb 
LOAD RANGE : 888.0 lb 


STRESS RATIO : 0.70 
FREQUENCY : 15 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 


ENVIRONMENT : LAB AIR 
TEMPERATURE : ROOM 
HUMIDITY : 25% - 36% 
ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

2960 

0.2013 

0.5179 

8150 

0.0057 

2325 

2.8382E-06 

15.534 

0 

2960 

0.2030 

0.5233 

9418 

0.0055 

1268 

2.913E-06 

15.612 

0 

2960 

0.2048 

0.5292 

11532 

0.0058 

2114 

2.9405E-06 

15.747 

0 

2960 

0.2064 

0.5345 

13435 

0.0053 

1903 

2.912E-06 

15.866 

0 

2960 

0.2080 

0.5397 

15336 

0.0052 

1901 

2.8021E-06 

15.988 

0 

2960 

0.2101 

0.5463 

17496 

0.0067 

2160 

2.8405E-06 

16.106 

0 

2960 

0.2117 

0.5514 

19532 

0.0051 

2036 

2.9595E-06 

16,230 

0 

2960 

0.2133 

0.5566 

21298 

0.0052 

1766 

2.9S54E-06 

16.336 

0 

2960 

0.2149 

0.5617 

22919 

0.0050 

1621 

3.0486E-06 

16.450 

0 

2960 

0.2168 

0.5675 

24538 

0.0058 

1619 

3.2718E-06 

16.561 

0 

2960 

0.2186 

0.5729 

26579 

0.0055 

2041 

3.4048E-06 

16.699 

0 

2960 

0.2202 

0.5780 

28026 

0.0051 

1447 

3.5067E-06 

16.811 

0 

2960 

0.2219 

0.5832 

29058 

0.0051 

1032 

3.5604E-06 

16.893 

0 

2960 

0.2235 

0.5882 

30720 

0.0050 

1662 

3.8428E-06 

17.023 

0 

2960 

0.2259 

0.5955 

32609 

0.0073 

1889 

3.8101E-06 

17.197 

0 

2960 

0.2277 

0.6011 

34077 

0.0056 

1468 

4.0408E-06 

17.314 

0 

2960 

0.2299 

0.6076 

35337 

0.0065 

1260 

4.4245E-06 

17.423 

0 

2960 

0.2317 

0.6129 

37229 

0.0053 

1892 

4.7313E-06 

17.629 

0 

2960 

0.2339 

0.6197 

38069 

0.0068 

840 

4.8801E-06 

17.713 

0 

2960 

0.2370 

0.6289 

39750 

0.0092 

1681 

4.9943E-06 

17.918 

0 

2960 

0.2388 

0.6339 

41013 

0.0050 

1263 

5.3336E-06 

18.086 

0 

2960 

0.2413 

0.6413 

42274 

0.0074 

1261 

5.1486E-06 

18.223 

0 

2960 

0.2443 

0.6500 

44170 

0.0086 

1896 

5.3596E-06 

18.453 

0 

2960 

0.2480 

0.6607 

45860 

0.0107 

1690 

5.6749E-06 

18.675 

0 

2960 

0.2500 

0.6666 

47121 

0.0059 

1261 

5.637E-06 

18,854 

0 

2960 

0.2521 

0.6724 

47962 

0.0058 

841 

5.6235E-06 

18.967 

0 


174 


2960 

0.2552 

0.6813 

49432 

0.0089 

1470 

5.6073E-06 

19.163 

0 

2960 

0.2573 

0.6872 

50692 

0.0059 

1260 

5.9466E-06 

19.335 

0 

2960 

0.2595 

0.6933 

51954 

0.0060 

1262 

6.5024 E-06 

19.503 

0 

2960 

0.2628 

0.7024 

53216 

0.0091 

1262 

6.8542E-06 

19.733 

0 

2960 

0.2669 

0.7138 

54691 

0.0114 

1475 

7. 8634 E-06 

20.013 

0 

2960 

0.2701 

0.7225 

55536 

0.0087 

845 

7.52S5E-06 

20.214 

0 

2960 

0.2741 

0.7333 

57225 

0.0108 

1689 

6.8996E-06 

20.548 

0 

2960 

0.2768 

0.7405 

57647 

0.0072 

422 

7.0396E-06 

20.635 

0 

2960 

0.2788 

0.7459 

59339 

0.0054 

1692 

7.6668E-06 

20.920 

0 

2960 

0.2808 

0.7512 

59761 

0.0053 

422 

7.6145E-06 

20.998 

0 

2960 

0.2828 

0.7567 

60396 

0.0055 

635 

7.442E-06 

21.125 

0 

2960 

0.2857 

0.7643 

61028 

0.0076 

632 

9.5247E-06 

21.299 

0 

2960 

0.2898 

0.7750 

62510 

0.0108 

1482 

1.2426E-05 

21.682 

0 

2960 

0.2921 

0.7808 

63362 

0.0057 

852 

1.3106E-05 

22.004 

0 

2960 

0.2976 

0.7951 

63572 

0.0143 

210 

1.2435E-05 

22.084 

0 

2960 

0.3006 

0.8027 

64206 

0.0077 

634 

1.4175E-05 

22.369 

0 

2960 

0.3052 

0.8142 

65263 

0.0115 

1057 

1.3171E-05 

22.792 

0 

2960 

0.3077 

0.8204 

65897 

0.0062 

634 

1.1688E-05 

22.999 

0 

2960 

0.3138 

0.8356 

67164 

0.0152 

1267 

1.2337E-05 

23.486 

0 

2960 

0.3204 

0.8517 

68432 

0.0161 

1268 

1.2669E-05 

24.006 

1 

2960 

0.3227 

0.8573 

68644 

0.0055 

212 

1.354E-05 

24.095 

1 

2960 

0.3287 

0.8718 

69911 

0.0145 

1267 

1.6962E-05 

24.650 

1 

2960 

0.3343 

0.8849 

70969 

0.0131 

1058 

1.8846E-05 

25.291 

1 

2960 

0.3387 

0.8952 

71181 

0.0104 

212 

2.0761E-05 

25.413 

1 

2960 

0.3473 

0.9151 

71816 

0.0199 

635 

2.4773E-05 

25.896 

1 

2960 

0.3511 

0.9238 

72660 

0.0087 

844 

3.1346E-05 

26.755 

1 

2960 

0.3632 

0.9509 

73295 

0.0271 

635 

3.2976E-05 

27.577 

1 

2960 

0.3712 

0.9682 

73718 

0.0173 

423 

3.8105E-05 

28.134 

1 

2960 

0.3803 

0.9877 

74140 

0.0195 

422 

4.2004E-05 

28.958 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Kmax/0.2% Yield Strength/ 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER: SOUTHWEST RESEARCH 
P.O. NO. : F58154BT 
SPECIMEN NUMBER : FCG-O-B-2 
YIELD STRENGTH : 82.2 ksi 
MODULUS : 30.0 Msi 

TESTLOGNO. : S41386 
MATERIAL : Outer Layer 
TEST MACHINE : H176 

WMT&R REPORT NO. : 3-55962 
WMT&R QUOTE : QN121622 Rev.l 
TEST DATE : 5/16/2013 
CRACK PLANE ORIENTATION : T-L 

SPECIMEN MEASUREMENTS: 



SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2040 in 
WIDTH (W) : 2.0034 in 
NOTCH (An) : 0.4008 in 



Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 

STRESS RATIO : 0.70 

ENVIRONMENT : LAB AIR 

MAXIMUM LOAD : 754.90 lb 

FREQUENCY : 15 Hz 

TEMPERATURE : ROOM 

MINIMUM LOAD : 528.4 lb 

WAVEFORM : SINE 

HUMIDITY : 25% - 35% 

LOAD RANGE : 226.5 lb 

SPECIMEN TYPE : C(T) 

ANALYSIS METHOD : 7 PT. POLY. 


Pmax 

lb 

EPD 

a 

in 

N 

da 

in 

dN 

d a/d N 
in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

755 

0.0728 

0.5602 

1314334 

0.0109 

319461 

3.6179E-08 

4.184 

0 

755 

0.0741 

0.5711 

1548539 

0.0110 

234205 

3.8229E-08 

4.241 

0 

755 

0.0753 

0.5815 

1724954 

0.0104 

176415 

4.13E-08 

4.280 

0 

755 

0.0765 

0.5918 

2082256 

0.0103 

357302 

4.3838E-08 

4.366 

0 

755 

0.0777 

0.6018 

2308425 

0.0100 

226169 

4.7192E-08 

4.414 

0 

755 

0.0790 

0.6133 

2528828 

0.0115 

220403 

5.338E-08 

4.471 

0 

755 

0.0803 

0.6243 

2730897 

0.0109 

202069 

5.6066E-08 

4.547 

0 

755 

0.0816 

0.6347 

2900974 

0.0104 

170077 

5.7332E-08 

4.602 

0 

755 

0.0829 

0.6449 

3042052 

0.0102 

141078 

5.8215E-08 

4.655 

0 

755 

0.0842 

0.6558 

3268483 

0.0109 

226431 

6.0408E-08 

4.734 

0 

755 

0.0856 

0.6664 

3449892 

0.0106 

181409 

6.2948E-08 

4.791 

0 

755 

0.0869 

0.6767 

3620799 

0.0102 

170907 

6.5972E-08 

4.864 

0 

755 

0.0882 

0.6873 

3741354 

0.0106 

120555 

6.98E-08 

4.921 

0 

755 

0.0895 

0.6975 

3900342 

0.0102 

158988 

7.6067E-08 

4.989 

0 

755 

0.0909 

0.7076 

4044544 

0.0101 

144202 

8.1748E-08 

5.061 

0 

755 

0.0922 

0.7179 

4166210 

0.0103 

121666 

8.1881E-08 

5.137 

0 

755 

0.0936 

0.7284 

4265868 

0.0105 

99658 

8.4244E-08 

5.179 

0 

755 

0.0950 

0.7387 

4382386 

0.0102 

116518 

8.6807E-08 

5.255 

0 

755 

0.0964 

0.7487 

4524906 

0.0100 

142520 

8.6128E-08 

5.335 

0 

755 

0.0978 

0.7589 

4640852 

0.0102 

115946 

8.7138E-08 

5.396 

0 

755 

0.0994 

0.7709 

4763465 

0.0120 

122613 

9.2603E-08 

5.480 

0 

755 

0.1009 

0.7811 

4887996 

0.0103 

124531 

1.008E-07 

5.567 

0 

755 

0.1023 

0.7914 

4986434 

0.0103 

98438 

1.0491E-07 

5.640 

0 

755 

0.1038 

0.8019 

5078074 

0.0105 

91640 

1.1219E-07 

5.707 

0 

755 

0.1054 

0.8126 

5166295 

0.0106 

88221 

1.2227E-07 

5.784 

0 

755 

0.1068 

0.8226 

5262294 

0.0100 

95999 

1.3263E-07 

5.880 

0 

755 

0.1083 

0.8327 

5328318 

0.0101 

66024 

1.3992E-07 

5.955 

0 
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755 

0.1098 

0.8428 

5394228 

0.0101 

65910 

1 . 4776 E -07 

6.033 

0 

755 

0.1115 

0.8534 

5465752 

0.0106 

71524 

1 . 5476 E -07 

6.127 

0 

755 

0.1131 

0.8639 

5532633 

0.0105 

66881 

1 . 5591 E -07 

6.206 

0 

755 

0.1147 

0.8743 

5595151 

0.0104 

62518 

1 . 5387 E -07 

6.297 

0 

755 

0.1162 

0.8844 

5662513 

0.0101 

67362 

1 . 5012 E -07 

6.395 

0 

755 

0.1179 

0.8949 

5728075 

0.0105 

65562 

1 . 4572 E -07 

6.471 

0 

755 

0.1195 

0.9050 

5804894 

0.0101 

76819 

1 . 4285 E -07 

6.566 

0 

755 

0.1212 

0.9154 

5885464 

0.0104 

80570 

1 . 4694 E -07 

6.681 

0 

755 

0.1229 

0.9255 

5954054 

0.0101 

68590 

1 . 5507 E -07 

6.774 

0 

755 

0.1246 

0.9360 

6018847 

0.0105 

64793 

1 . 6691 E -07 

6.870 

0 

755 

0.1263 

0.9461 

6076267 

0.0101 

57420 

1 . 804 E -07 

6.967 

0 

755 

0.1281 

0.9567 

6135284 

0.0106 

59017 

1 . 9579 E 07 

7.079 

0 

755 

0.1298 

0.9668 

6186871 

0.0101 

51587 

2 . 0966 E -07 

7.187 

0 

755 

0.1317 

0.9773 

6233945 

0.0105 

47074 

2 . 2018 E 07 

7.293 

0 

755 

0.1335 

0.9874 

6276792 

0.0101 

42847 

2 . 2907 E -07 

7.410 

0 

755 

0.1354 

0.9980 

6321727 

0.0106 

44935 

2 . 3772 E -07 

7.529 

0 

755 

0.1372 

1.0081 

6365360 

0.0101 

43633 

2 . 4826 E -07 

7.656 

0 

755 

0.1390 

1.0181 

6406721 

0.0100 

41361 

2 . 5935 E -07 

7.779 

0 

755 

0.1409 

1.0282 

6444892 

0.0101 

38171 

2 . 761 E 07 

7.910 

0 

755 

0.1428 

1.0383 

6478544 

0.0101 

33652 

2 . 9137 E -07 

8.013 

0 

755 

0.1448 

1.0484 

6514702 

0.0101 

36158 

3 . 1005 E -07 

8.153 

0 

755 

0.1467 

1.0585 

6544360 

0.0101 

29658 

3 . 2131 E -07 

8.291 

0 

755 

0.1487 

1.0686 

6576421 

0.0102 

32061 

3 . 3625 E -07 

8.421 

0 

755 

0.1508 

1.0790 

6605148 

0.0103 

28727 

3 . 5037 E 07 

8.574 

0 

755 

0.1529 

1.0892 

6636128 

0.0103 

30980 

3 . 7248 E -07 

8.734 

0 

755 

0.1552 

1.1001 

6663797 

0.0109 

27669 

4 . 0377 E 07 

8.891 

0 

754 

0.1573 

1.1102 

6690763 

0.0101 

26966 

4 . 2598 E -07 

9.048 

0 

754 

0.1595 

1.1202 

6711020 

0.0101 

20257 

4 . 3857 E -07 

9.189 

0 

754 

0.1619 

1.1313 

6733389 

0.0110 

22369 

4 . 5222 E -07 

9.375 

0 

754 

0.1641 

1.1413 

6757480 

0.0101 

24091 

4 . 6649 E -07 

9.557 

0 

755 

0.1664 

1.1517 

6780921 

0.0104 

23441 

4 . 8464 E -07 

9.744 

0 

755 

0.1689 

1.1624 

6802 593 

0.0107 

21672 

5 . 1504 E -07 

9.919 

0 

755 

0.1713 

1.1726 

6822410 

0.0101 

19817 

5 . 3682 E -07 

10.146 

0 

755 

0.1740 

1.1836 

6840642 

0.0111 

18232 

5 . 6387 E -07 

10.319 

0 

755 

0.1766 

1.1942 

6858471 

0.0106 

17829 

5 . 9464 E -07 

10.533 

0 

755 

0.1792 

1.2047 

6878690 

0.0105 

20219 

6 . 3056 E -07 

10.781 

0 

755 

0.1823 

1.2168 

6896764 

0.0121 

18074 

6 . 5418 E -07 

11.040 

0 

755 

0.1852 

1.2277 

6911580 

0.0109 

14816 

6 . 8322 E -07 

11.251 

0 

755 

0.1882 

1.2388 

6927403 

0.0111 

15823 

7 . 1652 E -07 

11.516 

0 

755 

0.1913 

1.2498 

6944039 

0.0110 

16636 

7 . 3773 E -07 

11.806 

0 

755 

0.1947 

1.2618 

6959080 

0.0119 

15041 

7 . 8179 E -07 

12.084 

0 

755 

0.1979 

1.2729 

6973700 

0.0112 

14620 

8 . 5432 E -07 

12.387 

0 

755 

0.2010 

1.2830 

6986328 

0.0101 

12628 

9 . 0429 E -07 

12.694 

0 

755 

0.2043 

1.2937 

6996560 

0.0107 

10232 

9 . 7729 E -07 

12.959 

0 

755 

0.2076 

1.3040 

7006270 

0.0103 

9710 

1 . 1023 E -06 

13.270 

0 

755 

0.2113 

1.3152 

7018595 

0.0112 

12325 

1 . 2758 E -06 

13.673 

0 

755 

0.2149 

1.3258 

7026036 

0.0106 

7441 

1 . 3942 E -06 

13.978 

0 

755 

0.2189 

1.3372 

7032294 

0.0114 

6258 

1 . 5108 E -06 

14.267 

0 

755 

0.2228 

1.3478 

7039870 

0.0106 

7576 

1 . 6928 E -06 

14.751 

0 

755 

0.2267 

1.3581 

7046130 

0.0102 

6260 

1 . 8141 E 06 

15.096 

0 
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755 

0.2312 

1.3693 

7052121 

0.0113 

5991 

2.0037E-06 

15.516 

0 

755 

0.2358 

1.3805 

7057181 

0.0112 

5060 

2.2302E-06 

15.929 

0 

755 

0.2413 

1.3930 

7063167 

0.0125 

5986 

2.6364E-06 

16.536 

0 

755 

0.2470 

1.4054 

7067548 

0.0124 

4381 

2.9487E-06 

17.060 

1 

755 

0.2523 

1.4162 

7071272 

0.0108 

3724 

3.4812E-06 

17.580 

1 

755 

0.2580 

1.4271 

7073793 

0.0109 

2521 

4.1873E-06 

18.034 

1 

755 

0.2621 

1.4346 

7076438 

0.0101 

1581 

5.5196E-06 

18.602 

1 

755 

0.2679 

1.4447 

7078034 

0.0101 

1596 

7.4418E-06 

19.069 

1 

755 

0.2743 

1.4550 

7079366 

0.0103 

1332 

1.1219E-05 

19.628 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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APPENDIX B: A-225 GR. B HEAD MATERIAL 
CHARACTERIZATION RESULTS 
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A-225 Gr. B 


HEAD 

TENSILE RESULTS 
-20°F 


180 


Exova T+l <630)221-0385 

1W htamattorwto Boulevard F: +1 <63D) 221-07% 

Glendale Helghte E saletfSexova com 

(Bools W www.exova.com 

USA 
60139 


Test Certificate 




Southwest Research Institute 
P.O. Drawer 28510 
6220 Culebra Rd 
San Antonio, TX 
78228-0510 

Attn: Fassett Hickey 


REF No 
Page 
Ora No 
Date Tested 
Date Printed 


T 31 3095 
1 of 1 
F65327IR 
07/26/13 
07/26/13 


Date Received 07/10/13 


Item - TENSILE TESTING AT -20F OF A SAMPLE IDENTIFIED AS HEAD 

Specification - Not Applicable 


: Issue 2 


_ 


. i. ; 


•> . % ■ v 

| | 

- | 

a|||j|||j|| 


Dimensions 

Area 

GL 

0.20XYS 

UTS 

XEl 

SfiRA 

Comments 


[In] 

[In 2 ] 

[In] 

[psl] 

[psl] 




001:Tangential 

0.2500 

0.0491 

1.00 

59100 

84100 

34.0 

70.0 

at -20F 

002:Tangent1al 

0.2500 

0.0491 

1.00 

57700 

82700 

34,0 

69,5 

at -20F 

003:Tangent1al 

0 2510 

0.0495 

1 00 

60300 

83600 

37 0 

67,5 

at -20F 

Elongation determined after fracture unless otherwise Indicated. 


Certificate Comments 

Specimen 2 fractured outside the middle half of the gauge. 

This document replaces Issue 1 of the same number, which has been 
withdrawn. It contains supplementary information to that presented 
in the previous issue- two additional tests were included. 


f'H'Tfa * — - 


Tami M Tonon 

Operations Mgr/Sr Metallurgist 
For and on benalf of 
Exova Inc. 


r‘ 

t 

The recorrfng of false Satlnoue a< fraudul enl staiemenic m entries may be punished os a felony under federal nw 

Thin certfioaie should not be reproduced oiher then In FuB wthoui me wnllen approval af Evova 1W inlamallcnale Slvd, Glendele Height* IL. USA 60139 

These results pertain only in lhBiteir<i| Is sled a» wimpled by Hie dlenUiness otherwise Indicated 

Teslruj has been conducted to specification revision levels as da wribed In the Isbomlofy's dcctjnent control procedure 

Informa Don regarding eaUmale of measurement uncertainty (where appropriate) available upon request 


\ 




TESTING CERT# 
D1O4J01 & 01W.02 



Mafena/s Testing Laboratory 


181 



A-225 Gr. B 


CHARPY V-NOTCH 
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ID 

Material 

Orientation 

Temp 

(°F) 

CVN 

(ft-lbs) 

Lat. Expansion 
(mils)* 

CVN-H-B-1 

Base 

T-L 

74 

81 

61 

CVN-H-B-2 

Base 

T-L 

74 

103 

71 

CVN-H-B-3 

Base 

T-L 

74 

91 

67 

CVN-H-B-7 

Base 

T-L 

0 

8 

4 

CVN-H-B-8 

Base 

T-L 

0 

18 

13 

CVN-H-B-9 

Base 

T-L 

0 

24 

19 

CVN-H-B-4 

Base 

T-L 

-20 

16 

11 

CVN-H-B-5 

Base 

T-L 

-20 

8 

4 

CVN-H-B-6 

Base 

T-L 

-20 

7 

3 

CVN-H-B-10 

Base 

T-ST 

74 

90 

68 

CVN-H-B-1 1 

Base 

T-ST 

74 

93 

68 

CVN-H-B-1 2 

Base 

T-ST 

74 

111 

74 

CVN-H-B-16 

Base 

T-ST 

0 

39 

32 

CVN-H-B-17 

Base 

T-ST 

0 

46 

36 

CVN-H-B-18 

Base 

T-ST 

0 

52 

39 

CVN-H-B-1 3 

Base 

T-ST 

-20 

3 

1 

CVN-H-B-14 

Base 

T-ST 

-20 

5 

2 

CVN-H-B-1 5 

Base 

T-ST 

-20 

7 

3 

CVN-H-H-1 

HA Z 

T-L 

74 

92 

66 

CVN-H-H-2 

HAZ 

T-L 

74 

87 

63 

CVN-H-H-3 

HAZ 

T-L 

74 

91 

62 

CVN-H-H-9 

HAZ 

T-L 

74 

79 

58 

CVN-H-H-7 

HAZ 

T-L 

0 

9 

4 

CVN-H-H-8 

HAZ 

T-L 

0 

37 

26 

CVN-H-H-4 

HAZ 

T-L 

-20 

7 

3 

CVN-H-H-5 

HAZ 

T-L 

-20 

7 

4 

CVN-H-H-6 

HAZ 

T-L 

-20 

10 

5 

CVN-H-W-1 

Weld 

L-C 

74 

69 

53 

CVN-H-W-2 

Weld 

L-C 

74 

48 

36 

CVN-H-W-3 

Weld 

L-C 

74 

57 

44 

CVN-H-W-7 

Weld 

L-C 

0 

29 

18 

CVN-H-W-8 

Weld 

L-C 

0 

35 

29 

CVN-H-W-9 

Weld 

L-C 

0 

28 

15 

CVN-H-W-4 

Weld 

L-C 

-20 

42 

27 

CVN-H-W-5 

Weld 

L-C 

-20 

23 

17 

CVN-H-W-6 

Weld 

L-C 

-20 

22 

17 


a Lateral expansion in 1000th of an inch 
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A-225 Gr. B HEAD 
J,c FRACTURE TOUGHNESS 


ID 

Material 

Orientation 

Temp 

KC-H-B-1 

Base Head 

T-L 

RT 

KC-H-B-2 

KC-H-B-3 

-20°F 

KC-H-B-4 

KC-H-H-1 

Head HAZ 

T-L 

RT 

KC-H-H-2 

KC-H-H-3 

-20°F 

KC-H-H-4 

KC-H-W-1 

Head Weld 

L-C 

(vessel) 

RT 

KC-H-W-2 

KC-H-W-3 

-20°F 

KC-H-W-4 
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' Westmoreland 'Mechanical ‘Testing dC 1 Research , Inc. 
‘P.O:Boy388; 221 Westmoreland < Drive 
TourigsLoum, <Pfl 15696-0388 ‘V.S.J4. 

Telephone: 724-537-3131 Toot: 724-537-3151 

WeSsite: www.wmtr.com ‘E-Mail admin@wmtr.com 

‘WiMTiZ'Hjs a technical leader in the material testing industry. 


July 29, 2013 

Southwest Research Institute 
6220 Culebra Road 
P.O. Drawer 28510 
San Antonio, TX 78238 


WMT&R Report 3-67089 

P.O.No. F58154BT 

WMT&R Quote QN121622 Rev. 1 


Attention: Mr. Carl Popelar 
Subject: J-Integral Test Results 

Introduction: 

Twelve (12) compact tension specimens submitted as Steel material were received by Westmoreland Mechanical 
Testing and Research, Inc. for J-Integral testing per ASTM El 820-1 1 . Four (4) specimens were machined to a 
nominal width (IT) measuring 2.00 in. and eight (8) to a nominal width measuring 1 .50 in. The specimens were then 
fatigue precracked to a final a/W of approximately 0.50 and side grooved to a depth equal to 20% of the nominal 
thickness (10% per side). 

Six (6) specimens were tested at room temperature and six (6) at -20°F. The specimens w'ere tested using an Insiron 
servo-hydraulic test stand and an automated computer controlled testing procedure. Analysis of the lest data was 
done using tensile data provided by Southwest Research Institute. 

Results are summarized in Table I. 

Data sheets containing validity and tabular data are enclosed for the specimens. Graphs of J vs. a and Force vs. 
COD are also included. 

If you have any questions concerning this report, please feel free to contact me. If I am unavailable, you may also 
speak with Mr. Douglas M. Bruce, Materials Engineering Manager. 



Gerald W. Boice 
R&D Manager 


mr 

KAJERRY\iW67089JSOU.DOC 


"NOTE- THE RECORDING OE FALSE, FICTITIOUS. OR FRAUDULENT STATEMENTS OK ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER 

FEDERAL STATUTE.” 

THIS CERTIFICATE OR REPORT SHALL NOT BE REPRODUCED EXCEPT IN FUIJ. WITHOUT THE WRITTEN APPROVAL OF WMT&R, INC 

Testing Specialists for .Aerospace, Automotive, and Material Testing • Fields 
Locations in Youngstown , <TJ4 V.SJt ~ Tel (724) 537-3131 and 
‘Banbury, Oxpn V.% - Tel +44 (0) 1295 261211 
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•NOTE: THE RECORDING OF FA] SF FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE FUNIS HABIT- AS A FF.I ONY UNDER FEDERAL STATUTE ' 


Phone: (724) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Fax: (724) 537-3151 


Email: admin@wmtr.com 


J-INTEGRAL TEST REPORT (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


Dup page 


SPECIFICATION : ASTM £1820-11 


WMT&R NO. : 3-67089 


MATERIAL : Steel 


MODULUS : 30.23 Msi 

P.O. NO. : F58154BT 





ULTIMATE STRENGTH 79.3 ksi 

SPECIMEN : KC-H-B-1 


WMT&R QUOTE : QN121622 RE\ 

M 

YIELD STRENGTH : 52.5 ksi 

TESTLOG : T0525R 





EFFECTIVE YIELD STRENGTH : 

TEST DATE : 7/10/2013 





POISSON'S RATIO : 0.300 

SPECIMEN MEASUREMENTS 



TEST PARAMETERS 

TOTAL THICKNESS (B) 

1. 001 in 

TEST TEMPERATURE 


75°F 

MAIN RAMP RATE 

NET THICKNESS (B N ) 

0.800 in 

TEST TYPE 


CT 

PARTIAL LOADING RATE 

EFFECTIVE THICKNESS (£,) 

0.961 in 

ORIENTATION 


L-C 

PARTIAL UNLOADING RATE 

WIDTH OF) 

1.996 in 

TEST MACHINE 


H5 

UNLOADING INTERVAL 

UNCRACKED LIGAMENT [b a ) 

0.986 in 

CLIP GAGE 


1391 

HOLDTIME 

NOTCH LENGTH («„) 

0.915 in 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 


65.9 kii 


0.02 in/m in 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 see. 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 

PRECRACK LENG THS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.994 in 

1.010 in 

1.015 in 

1.015 in 

1.017 in 

1.015 in 

1.010 in 

1.004 in 

0.998 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.097 in 

1.055 in 

1.065 in 

1.073 in 

1,080 in 

1.087 in 

1.064 in 

1.051 in 

1.065 in 


PRECRACK AVERAGE 

: 1.0103 in 

FINAL AVERAGE 

: 1.0695 in 



PRECRACK a/W 

: 0.5062 

FINAL a/W 

: 0.5358 



FATIGUE PRECRACKING 

SUMMARY 





STARTING P ^ 

:21541b 

FINAL 

: 19001b 

R-RATIO (P„,„ /F^j) 

: 0.1 

CYCLES 

: 259423 

FINAL 

: 13.23 ksi(in) ,;2 



ORIGINAL CRACK 


FINAL CRACK 


MODULUS 


PHYSICAL CRACK SIZE (n„ ) 

: 1.0103 in 

PHYSICAL CRACK SIZE (a p ) 

: 1 .0695 in 

MODULUS 

: 30.23 Msi 

EST. CRACK SIZE (n^) 

: 1.0103 in 

FST. CRACK S\7E(a piM ) 

: 1 .0729 in 

EFFECTIVE MODULUS 

: 30.23 Msi 

PERCENT DIFFERENCE 

: 0.00 % 

PERCENT DIFFERENCE 

: 0.32 % 

PERCENT DIFFERENCE 

: 0.01 % 


VALIDITY CHECKS PER ASTM E1820-11 

1. (7.4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS 
THE FATIGUE CRACK, a/W) SHALL BE BETWEEN 0 45 AND 0.70 

a/W = 0.5062 

2. (9. 1.5.2) DIFFERENCE BETWEEN PREDICTED {iui AND MEASURED (An, ) CRACK EXTENSION SHALL 

NOT EXCEED 0. 1 5 An, FOR CRACK EXTENSIONS LESS THAN 0.2 b a AND 0.03 6„ THEREAFTER 

Difference = 0.0034 in 0.1 5Afl, = 0.0089 in 

3. (A9.7.2. 1) a H SHALL NOT DIFFER FROM a„ BY MORE THAN THE LARGER OF 0.01 W OR 0.01 97 IN. 

Difference = O.OOOG in 0.01 W - 0-0200 

4. (A9.7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE SHALL BE > 8; NUMBER OF DATA BETWEEN 
0.4 / q AND J e SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

Coy Points- 109 Data Points - 26 C.C. = 0.99604 

5. (A9.7.1) POWER COEFFICIENT C 2 SHALL BE [.ESS THAN 1 .0 

C. -0.8843 

6. (A9.8.I) THICKNESS, B > \0J e l<r, 

fl- 1.0010 in \0Jq/Oy - 0.2149 in 

7. (A9.8.2) INITIAL LIGAMENT, A„ > XOJgla, 

b e = 0.9857 in IO/ e /<r r - 0.2149 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN AND a IM , AND J lml , 

Data Points - 65 

9. (A9.6.4) AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. 
AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.02 -m OFFSET LINE AND THE 0.06-in EXCLUSION LINE. 

2 


VALID 

VALID 

VALID 

VALID 

VALID 

VALID 

VALID 

VALID 

VALID 


TESTIS VALID: J Ic = 1415.95 in-lb/in' 
K Jlc = 216.88 ksi(in) 


1/2 


. jlLuA jj . A 


GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE TUNISI IABLE A5 A 

FELOMY UNDER FEDERAL STATUTE.* 
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KC-H-B-1 


A-225 Gr. B HEAD 
J,c FRACTURE TOUGHNESS 
BASE HEAD MATERIAL 


L-T 

RT 
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Phone; (721) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, anti Nuclear Fields 

fax: (724) 537-3151 


Email: aumin@wmtx.com 


GENERAL VALIDITY CHECKS (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 
WMT&RNO. : 3-67089 MATERIAL : Steel 

P.O. NO. : F5Si54BT 

SPECIMEN : KC-II-D-1 WMT&R QUOTE : QNI21622 REV. I 

TESTLOO : T0525S 
TEST DATE: 7/10/2013 

SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 1 .00 1 in 

NET THICKNESS (B. v ) : O.SOO in 

EFFECTIVE THICKNESS (fl.) : 0.961 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE :CT 

ORIENTATION : L-C 

TEST MACHINE : H5 

CLIP GAGE 1391 

CLIP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS: 


WIDTH (IP} 

UNCRACKED LIGAMENT (i>„) 
NOTCH LENGTH (o.) 

MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM E1820-1 1 
MODULUS : 30.23 Msi 
ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.5 ksi 
EFFECTIVE YIELD STRENGTH : 65.9 ksi 
POISSON'S RATIO : 0.300 

1,996 in 
0.986 in 
0.915 in 

0 02 in/min 
0.02 in/min 
0 02 in/min 
0.0005 in 
5 0 sec 

CHRIS IIICKINS 


Side I 

1/8 Point 1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.994 in 

1.010 in 1.015 in 

1.015 in 

1.017 in 

1 015 in 

1.010 in 

1 .004 in 

0.998 in 


FINAL CRACK LENGTHS : 


Side l 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1 .097 in 

1 .055 in 

1.065 in 

1.073 in 

1.080 in 

1.087 m 

1 .064 in 

1.051 in 

1 .065 in 

PRECRACK AVERAGE 

: 1.0103 in 

FINAL AVERAGE 


: 1.0695 in 




PRECRACK a/W 


: 0.5062 

FINAL a/W 


: 0.5358 





FATIGUE PRECRACKING SUMMARY 


STARTING P max 
CYCLES 

TEST CURVE RESULTS 

MAXIMUM FORCE (P^) 


: 2154 lb 
: 259423 


: 12059.81b 


FINAI P„ u 
FINAl AT, 


: 19001b 
: 13.23 ksi{in) ,/ 


R- RATIO (P„ tH /P max ) 


: 0.1 


GENERAL VALIDITY CHECKS PER ASTM E1820-11 

1 (7.4.5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT DE LESS 
THAN 0.05# , AND NOT LESS THAN 0.05 IN. 

Extension = 0.0953 in 0.05# = 0.0501 in 

2. (7 4.5.1) FOR THE FIRST STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY (Kuu) APPLIED TO THE. 
SPECIMEN SHALL BF, LIMITED BY = (ayj te Y f )(04a,f ksNm) , WHERE a AND ayf ARE THE MATERIAL 
YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied - 13.0 ksi(m) ia K ^ Limit = 21 .0 ksi(in) 1 ^ 

3. (74.5.2) FOR THE SECOND STEP OF PRECRACKING, THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 
Kma, -0.6 to rf /ays') *A> WHERE K r = K JQ . K JQC OR K Jp , : . DEPENDING ON THE RESULT OF THE TEST 

K-ax Applied 35 1 3 .2 ksi(in) 1, limit-- 130.1 ksi(in) u 

4. (9.1. 4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN 
0.059 FROM THE AVERAGE a„ 

Maximum Difference = 0.0162 in 0.05# = 0.0501 in 

5. (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE 
THAN 0.05# FROM THE AVERAGE a p 

Maximum Difference = 0.0275 in 0.05# = 0.0501 in 

6. (9. 1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE 
AVERAGE CRACK EXTENSION 

Minimum Extension « 0.0450 in 50% of the Average = 0.0296 in 


VALID 


VALID 


VALID 


VALID 


VALID 


VALID 


ALL GENERAL VALIDITY CHECKS ARE VALID 




GERALD W. BOICE - THOMAS S. FEDOR 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Phone: (724) 537-3131 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Fax: (724) 537-3151 


Email: adnun@wmtr.com 


K lc DETERMINATION (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


WMT&R NO. : 3-67089 
P.O. NO. : F58I54BT 
SPECIMEN : KC-H-B-1 
TESTLOG : T05258 
TEST' DATE : 7/10/7013 
SPECIMEN MEASUREMENTS 
TOTAL THICKNESS (B) : 1 .001 m 

NET THICKNESS (a„) : 0.800 in 

EFFECTIVE THICKNESS (B, ) : 0.961 in 

WIDTH (JT) 1.996 in 

UNCRACKED LIGAMENT (i>„ ) : 0.986 in 
NOTCH LENGTH (<j„) 0.915 in 

TEST PARAMETERS 

TEST TEMPERAT URE : 75°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H5 

CLIP GAGE : 1391 

CLIF GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS 


MATERIAL : Sieel 


WMT&R QUOTE : QN121622 REV.l 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 30.23 Msi 
ULTIMATE STRENGTH : 79.3 ksi 
YIF.I D STRENGTH : 52 5 ksi 
EFFECTIVE YIELD STRENGTH : 65.9 ksi 
POISSON'S RATIO : 0.300 


MAIN RAMP RATE 
PARTLAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

CHRIS HICKJNS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Puinl 

Side 2 

0.994 in 

1.010 in 

1.015 in 

1.015 in 

1.017 in 

1.015 in 

1.010 in 

1.004 in 

0.998 in 


FINAL CRACK LENGTHS : 


Side i 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Puinl 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.097 in 

1 .055 in 

1.065 in 

1.073 in 

1.080 in 

1.087 in 

1 .064 in 

1.051 in 

1 .065 in 


PREC'RACK AVERAGE : 1 .0103 in FINAL AVERAGE 

PRECRACK a/W : 0.5062 FINAL a/W 

FATIGUE PRECRACKINC, SUMMARY 


: 1.0695 in 
: 0.5358 


STARTING P^, 
FINAL />»„ 
FINAL K„„ 

: 2154 lb 
: 19001b 
: 13.23 ksi(in)' Q 

R-RATIO (P m ,„/P max ) 
CYCLES 

: 0. i 

: 259423 


TEST RESULTS 

CANDIDATE FORCE (Pg ) 
K v 

: 6426.2 lb 
: 50.0ksi(in)’' 2 

MAXIMUM FORCE (P^) 
SPECIMEN STRENGTH RATIO 

: 12059.8 lb 
:2.96 


VALIDITY CHECKS PER ASTM E1820-1 1 

1 . (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 

VALID 


FATIGUE CRACK, a/W) MUST BE BETWEEN 0 45 AND 0.55 
a/W = 0.5062 

2. (A5 4.2) THE RATIO P^/Pq MUST BE < 1. 10 
P~,/Pq = 1-8767 

3- (A5.4.3) THE QUANTITY 2.5 (K 0 /<r„) 1 , WHERE g„ IS THE 0.2% OPFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, 4 
2.5(K Q / OysJ 3 - 2.27 10 in b t - 0.9857 in 

4. (7 4.5.2) FOR THE SECOND STEP OF PRECRACKING, THE K,^, APPLIED TO THE SPECIMEN SHALL BF. LIMITED BY 
*«„ - 0.6 (gyf /ttys') * llr. WHERE K F - K e 


INVALID 

INVALID 

VALID 


Applied = I3.2ksi(in) 


Kaw Limit = 30.0 ksi(in) 


TEST IS INVALID: K Q = 50.0 ksi(in) 


1/2 


* ' '//- ' ■ N ' ’ P trw' !/ J 
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KC-H-B-2 


A-225 Gr. B HEAD 
J,c FRACTURE TOUGHNESS 
BASE HEAD MATERIAL 


T-L 

RT 


201 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin@wmtr.com 

J-INTEGRAL TEST REPORT ( ASTM E 1820) 

PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


WMT&R NO. : 3-67089 
P.O. NO. : F58I54BT 


SPECIMEN : KC-II-B-2 
TESTLOG : T05259 
TEST DATE : 7/1 1/2013 

SPECIMEN MEASUREMENTS 


TOTAL TH1CKJN ESS {B) : l .004 in 

NET THICKNESS (B K ) : 0.798 in 

EFFECTIVE THICKNESS (B e ) : 0.962 in 

WIDTH (I V) : 2.000 tn 

UNCRACKED LIGAMENT ( b a ) : 0.990 in 
NOTCH LENGTH («, ) : 0.920 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75 a F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CUP GAGE : 614 

Cl JP GAGE LOCATION : LOAD LINE 


PHYSICAL CRACK LENGTHS 


MATERIAL : Steel 

WMT&R QUOTE : QN121622 REV.l 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.5 ksi 
EFFECTIVE YIELD STRENGTH : 65.9 ksi 
POISSON'S RATIO : 0.300 


0.02 in /min 
0.02 in/min 
0.02 in/mm 
0.001 in 
5.0 sec. 

CHRIS HICKINS 


PRECRACK LENGTHS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.000 in 

1.008 in 

1.015 in 

1.017 in 

1.016 m 

1.011 in 

1.009 in 

1 .005 in 

0.997 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.915 in 

1.906 m 

1.888 in 

1.905 in 

1.868 in 

1.889 in 

1.860 in 

1.868 in 

1.842 in 


PRECRACK AVERAGE : 1 .0099 in 

PRECRACK a/W : 0.5050 

FATIGUE PRECRACKING SUMMARY 

STARTING P miu :2152 1b 

CYCLES : 234919 


FINAL AVERAGE 
FINAL a/W 

FINAL 

FINAL 


: 1.8828 in 
: 0.9414 

:19151b R-KATIO /P m(U ) : 0. 1 

: 13.23 ksi(in) m 


ORIGINAL CRACK 

PHYSICAL CRACK SIZE («„ ) 1 .0099 in 

EST. CRACK SIZE («„ ) 1 .0083 in 

PERCENT DIFFERENCE : 0. 1 6 % 


J c VALIDITY CHECKS PER ASTM E1820-11 


1 . (7.4.2) THE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, aAV) SHALL BE BETWEEN 0.45 AND 0.70 

a/W = 0.5050 

2. (A6.2.2) THICKNESS, li > 100 J e /<r r 

B = 1.0040 in mj e /t7 r = 1.5423 in 

3. (A6.2.2) INITIAL LIGAMENT, b„ > iQ0J g i<r y 

*,= 0,9901 m W0J e /a r = 15423 in 

4. (A6.2.2) CRACK EXTENSION, Aa p < 0.008 + Jq/ 2 a y 

4«, =0.8729 in Limit = 0.0 156 in 


VALID 


INVALID 

INVALID 

INVALID 


FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE NOT MET 


TEST IS INVALID: J Qc - 1016.39 in-lb/in 2 
Kjq,. = 186.08 ksi(in) 1,2 


^ i 

GERALD wT BOICE - THOMAS S.'HFEDOR 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive, and Nuclear Fields 


Phone: (724) 537-3131 


Fax: (724) 537-3151 


Email: adniin@wmtr.com 


GENERAL VALIDITY CHECKS (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


WMT&RNO. : 3-67089 
P.O. NO. : F58154BT 
SPECIMEN : KC-H-B-2 
TESTLOG : T05259 
TEST DATE : 7/1 1/2013 

SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (5) : 1 .004 in 

NET THICKNESS (B K ) : 0.798 in 

EFFECTIVE THICKNESS ( B e ) : 0.962 in 

TEST PARAMETERS 

TEST TEMPERATURE : 7S°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CLIP GAGE : 614 

CUP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MATERIAL Steel 


WMT&R QUOTE : QN1 21622 RF.V.l 


WIDTH (W) 

UNCRACKED LIGAMENT ( b 0 ) 
NOTCH LENGTH («„ ) 

MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM El 820-1 1 
MODULUS: 31.00 Msi 
ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.5 ksi 
EFFECTIVE YIELD STRENGTH : 65.9 ksi 
POISSON'S RATIO : 0.300 

: 2.000 in 
0.990 in 
0.920 in 


0.02 in/ mi n 
0.02 in/'min 
0.02 in/mi n 
0.001 in 
5.0 sec. 

CHRIS HICK1NS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

152 Point 

5/8 Point 

3/4 Point 

7'S Point 

Side 2 

1 .000 in 

1 .008 in 

1.015 in 

1.017 in 

1.016 in 

1.011 in 

l .009 in 

1.005 in 

0.997 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.915 in 

1.906 in 

1.888 in 

1.905 in 

1.868 in 

1.889 in 

1.860 in 

1.868 in 

1.842 in 

PRECRACK AVERAGE 

: 1.0099 in 

FINAL AVERAGE 

: 1.8828 m 




PRECRACK a/W 


: 0.5050 

FINAL a/W 


: 0.9414 




TIGUE i’RECKACKING SUMMARY 







STARTING 


: 2152 lb 

FINAL P^ 


: 19151b 

R-RATIO (/>„„ //>„,) 

: 0.1 

CYCLES 


: 234919 

FINAL 


: 13.23 ksi(in) 




TEST CURVE RESULTS 

MAXIMUM FORCE {P^ ) 


: 11193.51b 


GENERAL VALIDITY CHECKS PER ASTM E1820-1 1 

1 . (7.4.5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS 
THAN 0.05/? , AND NOT LESS THAN 0.05 IN. 

Extension - 0 0899 in 0.05Z? ■ 0.0502 in 

2. (7.4.5.1) FOR THE FIRST STEP OF PRECRACKING THE MAXIMUM STRESS INTENSITY (/£** ) APPLIED TO THE 

SPECIMEN SHALL BE LIMITED BY K ^ - (a yi 1 i a rs' >(»-^ ys ! , WHERE a AND a rs ‘ ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY 

K , iw . Applied = 1 3.0 ksi(in) UI A' ....... Limil ** 210 ksi(in)'' J 

3. (7.4.5 .2) FOR THE SECOND STEP OK PREC RACKING THE K m , APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 

- 0.6 (a n } /o n r ) * AV WHERE A' f = K Jgc . OR Kj^. DEPENDING ON THE RESULT OF THE TEST 
Applied** 13-2 ksi(m)‘“ K wl . Limit** It 1.6 ksi(in) lQ 

4 (9. 1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN 
0.050 FROM THE AVERAGE a. 

Maximum Difference - 0.0129 in 0.05 B • 0.0502 in 

5 (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE 
TRAN 0.055 FROM THE AVERAGE a p 

Maximum Difference = 0.0408 in 0.055 * 0.0502 in 

6 (9.1.5.1)NONEOF THE NTNE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS TILAN 50% OF THE 
AVERAGE CRACK EXTENSION 

Minimum Extension = 0 8450 in 50% of the Av erage - 0.4364 in 


VALID 


VALID 


VALID 


VALID 


VALID 


VALID 


ALL GENERAL VALIDITY CHECKS ARE VALID 


■/. A /<-i 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 fax: (724) 537-3151 Email: adinm@wmtr coin 

K| t . DETERMINATION (ASTM E1820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO, : 3-67089 MATERIAL : Steel 

P.O. NO. : F58154BT 

SPECIMEN : KC-H-B-2 WMT&R QUOTE : QN 1 2 1 622 REV. I 

TESTLOG : T052S9 
TEST DATE : 7/1 1/2013 


SPECIFICATION : ASTM EIS20-1 1 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.5 ksi 
EFFECTIVE YIELD STRENGTH : 65.9 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS <B) : 1 .004 in 

NET THICKNESS (B v ) : 0.798 in 

EFFECTIVE THICKNESS (B, ) 0.962 in 

WIDTH (IT) : 2.000 in 

UNCRACKED LIGAMENT (i„ ) 0.990 in 

NOTCH LENGTH (c„ ) : 0.920 in 

TEST PARAMETERS 


TEST TEMPERATURE 
TEST TYPE 
ORIENTATION 
TEST MACHINE 
CLIP GAGE 

CLIP GAGE LOCATION 

PHYSICAL CRACK LENGTF 

PRECRACK LENGTHS : 

75°F MAIN RAMP RATE 

CT PARTIAL LOADING RATE 

L-C PARTIAL UNLOADING RATE 

1 13 UNLOADING INTERVAL 

614 HOT.DTIME 

LOAD LINE OPERATOR 

IS 

0.02 in/min 
0.02 in/min 
0.02 in/min 
0.001 in 
5.0 sec. 

CHRIS H1CKINS 

Side 1 1/8 Point 

1/4 Point 3/8 Point 1/2 Point 5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1. 000 m 1.008 in 

1.015 in | 1.017 in 1.016 in 1.011 in 

1.009 in 

1.005 in 

0.997 in 

FINAL CRACK. LENGTHS : 

Side 1 1/8 Point 

1/4 Point 3/8 Point 1/2 Point 5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.915 in 1.906 in 

1.888 in 1.905 in 1.868 in 1.889 in 

1.860 in 

1.868 in 

1.842 in 

FATIGUE PRECRACKING SI 

STARTING 
FINAL 
FINAL K muA 

u MM ARY 

2152 lb R-RATIO (P„,„ /P**) 0.1 

1915 lb CYCLES . 234919 

13.23 ksi(in) 1/2 


TEST RESULTS 


CANDIDATE FORCE (P v ) : 5609.4 lb 

K e : 43.5 ksHin) 1 ' 2 


MAXIMUM FORCE ) : 1 1 1 93.5 lb 

SPECIMEN STRENGTH RATIO 2.73 


V ALIDITY CHECKS PER ASTM E1820-I1 

1 . (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURAT ION PLUS THE VALID 

FATIGUE CRACK, a/W) MUST BE BETWEEN 0.45 AND 0.55 

afW = 0.5050 

2. (AS.4.2) THE RATIO Pm*'Pg MUST BE < 1.10 INVALID 

P-./'Po - 19955 

3. (AS.4.3)THE QUANTITY 2.5 (Kg/Oys) 1 . WHERE u,s IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN THE LENGTH OF THF. INITIAL UNCRACKED LIGAMENT, h 

2.S(K a /<Trsl ! = 1.7136 in 6„ =0.9901 in 

4. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING T HE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

Km* =0.6 (Ctf /Ors') * Kf . WHEREAV = K Q 

Km* Applied = 13.2 ksitin) 1 ' 2 A ra Lnnil = 111 6ksi(in) w 


TEST IS INVALID: Kg = 43.5 ksi(in) 1/2 


jL j,. L 


GERALD W. BOiCE - THOMAS S. FEDOR 


"NOTH: THH RECORDING OF FALSH, FfCiiTlOUS, OH FRAUDULENT STATFMF.NTS OR F.NTRTF.S ON THIS DOCUMENT MAY EE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 


204 


Westmoreland Mechanical Testing & Research, Inc 


o 

<u 

Kl 

£ 


a 

*5* 

& 


w 

a: 


J H 


< 

5 


UJ 

2 

UJ 

H 


1 

9 


CQ 

s 


UJ 


1 3 s 

U H r* 
m c/5 c/5 
a. uj uj 

W h r 


c c 



.c 

oo 

9s 

O 



CO 

CO 

1 

8 

X 

H 

h- 

UJ 

Z 


S3 

w w 
o 2 

< < 
j o 


LO 


J JW 

< < R 

Z Z d 

OOQ 
2 2 0 
0 0 2 



'NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE" 


u 

G a 

HH a 

t'N 

-£5 £ 

U R! 


0> E 

o» 

c* 

bO 

G 


CO 

X 

g 


u 

w 


</) 

0> 

H 

13 

u 

• 1«H 
= 
flS 
X 
u 
O 



T3 

d 

^2 

'a 

5- 

o 


. u 

C/3 « 


01 


> 

ctl 

=£ 


i 

p 


U 

a: 

< 

H 
on 

a 

E- 

a3 . _ 

^ 80 Z 
X o E- O' 
H £ X •• 
3 ■ ^ OJ 

O ^ ^ - 

^ £ 5 

S z ? o 

r(- z f- 

^ S d 2 

8 3: s- & 



( B *J[/q|-U!) r 


NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNIS1 IABLE AS A FELONY UNDER FEDERAL STATUTE/ 


X 

v 


4 

X 

o 

'Z 

z 

1U 


8 


a> J 

cn ^ 

a> 

$ 

to 

G 

•XI 

eft 

a> 

H 

13 

u 

G 

nj 

-C 

u 

ai 


p C u 

P 1^ Otf ', 

ze|< 

C r < qJ 


-i < ad 

r C a 

gfcl 

"PP 


T3 

G 


ai 

o 


CD * 

aj ^ 

Jr ° 


a] 

M 

b 




'NOTE: T1IE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT! STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY DE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE.' 


KC-H-B-3 


A-225 Gr. B HEAD 
J,c FRACTURE TOUGHNESS 
BASE HEAD MATERIAL 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax:(724)537-3151 Email: admta@wmtr.com 

J-INTF.CRAL TEST REPORT (ASTM E1820) 

PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE SPECIFICATION : ASTM El 820-11 


WMT&R NO. : 3-67089 


MAT ERIAL : 

Steel 


MODULUS : 31.00 Msi 

P.O. NO. : F58154BT 





ULTIMATE STRENGTH : 84.0 ksi 

SPECIMEN : KC-H-B-3 


WMT&R QUOTE : QN 1 2 1 622 REV. 1 

YIELD STRENGTH : 59.0 ksi 

TESTLOG : T05260 





EFFFCTJVE YIELD STRENGTH : 

71.5 ksi 

TEST DATE: 7/17/201 3 





POISSON'S RATIO : 0.300 

SPECIMEN MEASUREMENTS 






TOTAL THICKNESS (5) 

1.002 in 






NET THICKNESS 

0.787 in 






EFFECTIVE THICKNESS [B, ) 

0.056 in 






WIDTH (W) 


2.008 in 






UNCRACKED LIGAMENT (*„ ) 

0.075 in 






NOTCH LENGTH (o„ ) 

0.919 in 






TEST PARAMETERS 







TEST TEMPERATURE 

-20°F 


MAIN RAMP RATE 

0.02 in/min 


TEST TYPE 


CT 


PARTIAL LOADING RATE 

0.02 in/min 


ORIENTATION 


L-C 


PARTIAL UNLOADING RATE 

: 0.02 in/min 


TEST MACHINE 

H20 


UNLOADING INTERVAL 

: 0.00075 in 


CLIP GAGE 


1261632 


IIOLDTIME 


: 5.0 sec. 


CLIP GAGE LOCATION 

LOAD LINE 


OPERATOR 


: DAVE KALO 


PHYSICAL CRACK LENGTHS 






PRECRACK LENGTHS : 








Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1 020 in 

1.027 in 

1.033 in 

1.039 in 

1 .039 in 

1 .040 in 

1.038 in 

1.031 in 

1.011 m 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1 .030 in 

1.037 in 

1.043 in 

1.049 in 

1 .049 in 

1.050 in 

1 .048 in 

1.041 in 

1.021 in 

PRECRACK AVERAGE 

1.0328 in 

FINAL AVERAGE 

1.0428 in 



PRECRACK aAV 

0.5143 

FINAL a/W 


0.5193 



FATIGUE PREC RACKING SUMMARY 






STARTING 


21661b 

FINAL 


19251b 

R-RATIO / 

p**,) 

: 0.1 

CYCLES 


303922 

FINAL 


13.70 ksi(in) lc 



ORIGINAL CRACK 







PHYSICAL CRACK SIZE (o„ ) 

1 .0328 in 






EST. CRACK SIZE ) 

1.0262 in 






PERCENT DIFFERENCE 

0.64 % 







.I c VALIDITY CHECKS PER ASTM E1820-11 


1, (7.4.2) THE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 

VALID 

FATIGUE CRACK, a/W) SHALL BE BETWEEN 0.45 AND 0.70 



a/W = 0 5 143 



2. (A6.2.2) THICKNESS, B > \<MJ Q !a r 


INVALID 

B = 1 0020 in 

\0QJp/a y 31 1.4029 in 


3. (A6.2.2) INITIAL LIGAMENT, b a > lOO/g/tTy 


INVALID 

b 0 =0.9752 in 

1007 p /o> = 1.4029 in 


4. (A6.2.2) CRACK EXTENSION, da, < 0.008 + J g /2 <t, 


VALID 

Aa p =0.0100 in 

Limit = 0.0149 in 



FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE NOT MET 


TEST IS INVALID: J Qc = 1003.09 in-lb/in 2 
K JQc = 184.85 ksi(iii) 1 ' 2 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phon e: (724) 537-3131 Fax: (724) 537-3151 Email: admin@wtntr.com 

GENERAL VALIDITY CHECKS (A STM E1820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO. : 3-67089 MATERIAL : Steel 

P.O. NO. : F58154BT 


SPECIFICATION : ASTM EI820-I I 
MODULUS : 31.00 Msi 
ULTIMATE STRENG TH : 84.0 ksi 


SPECIMEN : KC-H-R-3 
TESTLOG : T05260 
TEST DATE : 7/1 7/2013 


WMT&R QUOTE : QN121622 REV.t 


YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD ST RENGTH : 71 5 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (5 ) : 1.002 in 

NET THICKNESS (fi. v ) : 0 787 in 

EFFECTIVE THICKNESS (5 , ) : 0.956 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20 < ’F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : 1120 

CUP GAGE : 1261632 

CLIP GAGE LOCATION : LOAD LINE 


WIDTH (W'} 

2.008 in 

UNCRACKED LIGAMENT (b 9 ) 

0.975 in 

NOTCH LENGTH (c*) 

0.919 in 

MAIN RAMP RATE 

0.02 m/min 

PARTIAL LOADING RATE 

0.02 in/min 

PARTIAL UNLOADING RAI L 

0.02 m/min 

UNLOADING INTERVAL 

0.00075 in 

HOLDTIME 

5.0 sec. 

OPERATOR 

DAVE KALO 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.020 in 

1.027 in 

1.033 in 

1 039 in 

1 .039 in 

1.040 in 

1.038 in 

1.031 in 

1.011 in 


FINAL CRACK LENGTHS : 


Side 1 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.030 in 

1.037 in 

1.043 in 

1.049 in 

1 .049 in 

1.050 in 

1 .048 in 

1.041 in 

1.021 in 


PRECRACK AVERAGE : 1.0328 in FINAL AVERAGE : 1.0428 in 

PRECRACK a/W : 0.5143 FINAL a/W : 0.5193 


FATIGUE PRECRACKING SUMMARY 

STARTING P„„„ :21661b FINAL 

CYCLES : 303922 FINAL 


:19251b R-RATIO(P„, n /P^) 0.1 

: 13.70 ksi(in) L7 


TEST CURVE RESULTS 

MAXIMUM FORCE :11191.21b 

GENERAL VALIDITY CHECKS PER ASTM E1820-11 

1 (7 .4.5.1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 

THAN 0 055 . AND NOT LESS THAN 0.05 IN. 

Extension = 0.1 138 in 0.055 “0.0501 in 

2. (7.4.5. 1) FOR THE FIRST STEP OF PRECRACKING THE MAXIMUM STRESS INTENSITY (£„) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY JC„ - (a / a „ )(0. ta „ ! kaisin) , WHERE a,?' AND <r n ' ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY 
K Applied = 13.0 ksi(in) iW A’ Limit" 18.7 ksi(in) l>_ 

3. (7.4 5.2) FOR THE SECOND STEP OF PRECRACKING THF. K m APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

Kw ^ 0.6 <e rs 'A ,/ ) *K k WHERE K/. •Kjq. K, qc . OR X JQ ,„ DEPENDING ON THE RESULT OF TIIE TEST 

Kmm Applied = 13.7 ksi(in) 1 ' 2 K m Limit = 98.7 ksi(m) 1 " 

4 (9. 1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.055 FROM THE AVERAGE a 0 

Maximum Difference = Q.0218 in 0.055 = 0.0501 in 

5. (9.1 .4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VALID 

THAN 0.05 5 FROM THE AVERAGE a p 

Maximum Difference • 0.021 8 in 0.055 ~ 0.0501 in 

6. (9.1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension = 0.01 00 in 50% of the Average * 0.0050 in 


ALL GENERAL VALIDITY CHECKS ARE VALID 


■ C-— 1 — — = 
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Phone: (724) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Fax: (724) 537-3151 


Email: admirw5wintr.com 


K, c DETERMINATION (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


WMT&R NO. : 3-67089 
PO. NO. : F58154BT 
SPECIMEN : KC-H-B-3 
TESTLOG : T05260 
TEST DATE : 7/17/2013 

SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (R) : 1 .002 in 

NET THICKNESS (B v ) : 0.787 in 

EFFECTIVE THICKNESS (if, ) : 0.956 in 
WIDTH (»') : 2.008 in 

UNCRACKED LIGAMENT ( b 0 ) : 0.975 in 
NOTCH LENGTH («„ ) : 0.91 9 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H20 

CLIP GAGE : 1261632 

CLIP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS 


MATERIAL : Steel 


WMT&R QUOTE : QN121622 REV.l 


SPECIFICATION : ASTM E1820-11 
MODULUS : 31.00 Mss 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 m/min 
0.02 ini min 
0.02 m/min 
0.00075 in 
5.0 sec. 
DAVE KALO 


Side I 

1 i% Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Poinl 

7/8 Point 

Side 2 

1.020 in 

1.027 in 

1.033 in 

1.039 in 

1.039 in 

1 .040 in 

1.038 in 

1.031 in 

1.011 in 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.030 in 

1.037 in 

1.043 in 

1.049 in 

1.049 in 

1.050 in 

1.048 in 

1.041 in 

1.021 in 


FATIGUE PRECRACKING SUMMARY 


STARTING 

FINAL 

FINAL 

TEST RESULTS 

CANDIDATE FORCE (P Q ) 


21661b 
19251b 
13.70 ksi(in) 1 ' 


R-RATIO (P„ 
CYCLES 


: 0.1 

: 303922 


:5652.01b MAXIMUM FORCE :11191.21b 

Kg : 45.4 ksi(in) l;! SPECIMEN STRENGTH RATIO : 2.56 

VALIDITY CHECKS PER ASTM E1820-1 1 

1 (7.4 2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, u/W) MUST BE BETWEEN 0.45 AND 0.55 
a/W = 0.5143 

2. (A5.4 2) THE RATIO P^/Pq MUST BE < 1.10 

P^/Pq = 1-9800 

3. (A5.4.3) THE QUANTITY 2.5 (K e /<r„) 2 , WHERE a „ IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, 

2 5(X e /<r „) ! = 1.4786 in 6,-0.9752 in 

4. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 

K m -0.«(b K ' U n ‘) *K k WHERE K F =K e 

Applied = 13.7 ksi(in)'“ Limit = 98.7 ksi(m) lfl 


IN V A I. ID 


INVALID 


TEST IS INVALID: Kq = 45.4 ksi(in) 


1/2 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 


Phone: (724) 537-3131 


PRELIMINARY INFORMATION 

CUSTOMER SOUTHWEST RESEARCH 
WMT&R NO. : 3-67089 
P.O. NO. : F58154RT 
SPECIMEN : KC-H-B-4 


Fax: (724) 537-3151 Email: admin@wmtr.eom 

J-INTEGRAL TEST REPORT (ASTM El 820) 


MATERIAL : Sled 

WMT&R QUOTE : QN121622 REV.l 


SPECIFICATION ASTM El 820-11 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 84 0 ksi 
YIELD STRENGTH : 59.0 ksi 


TESTLOO : T05261 
TEST DATE: 7/17/2013 


EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS ( B ) : 1 ,003 in 

NET THICKNESS (R. v ) : 0.799 in 

EFFECTIVE THICKNESS (B , ) : 0.962 in 

WIDTH (IP) : 2.001 in 

UNCRACKED LIGAMENT (b, ) : 0.978 in 
NOTCH LENGTH (o„) : 0.915 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20“ F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H20 

CLIP GAGE : 1261632 

CLIP GAGE LOCATION : LOAD LIN E 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.00075 in 
5.0 sec. 

DAVE KALO 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

l. 010 in 

1.019 in 

1.023 in 

1.028 in 

1 .030 in 

1.031 in 

1 .028 in 

1.019 in 

1.003 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.018 m 

1.027 in 

1.031 in 

1 036 in 

1 .038 in 

1 .039 in 

1.036 in 

1.027 in 

1.011 in 

PRECRACK AVERAGE 

: 1.0231 in 

FINAL AVERAGE 

: 1.0312 in 




PRECRACK a/W 

: 0.5113 

FINAL a/W 


: 0.5153 




TIGUE PRECRACKING SUMMARY 







STARTING P,„, 


: 21671b 

FINAL P^x 


: 19121b 

R-RATIO (P m i„ /P„ m ) 

0.1 

CYCLES 


: 294305 

FINAL 


: 13 48 ksi(in) 1,7 





ORIGINAL CRACK 

PHYSICAL CRACK SIZE (n„ ) : 1 .023 1 in 

F.ST. CRACK SIZE (a.,) : 1.0216 in 

PERCENT DIFFERENCE : 0. 1 5 % 


J r VALIDITY CHECKS PER ASTM E1820-U 


1 . (7.4.2) THE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 

VALID 

FATIGUE CRACK, tv' IF) SHALL BE BETWEEN 0 45 AND 0 70 



o/JF = 0.5113 



2. (A6.2.2) THICKNESS, B > 10 (U Q io, 


VALID 

H = 1.0030 in 

lOOt/g/cr,- “0.B072 in 


3. (A6.2.2) INITIAL LIGAMENT, />„ > 10(U e /o> 


VALID 

*„ =0.9779 in 

100 Jq/ cry = 0.8072 in 


4. (A6.2.2) CRACK EXTENSION, Aa p < 0.008 + J e /2 <r. 


VALID 

A a p = 0.0081 m 

Limit = 0.01 19 in 



FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE MET 


TEST IS VALID: J c = 577.18 in-lb/in 2 
K Jc = 140.22 ksi(in) 1/2 



"NOTE* TI IE RECORDING OF FALSE FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER F HDF.R A I. STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive , and Nuclear Fields 


Phone: (724) 537-3131 


Fax: (724) 537-3151 


Email: admin@vvmtr.com 


GENERAL VALIDITY CHECKS (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&RNO. : 3-67089 
P.O. NO. :F58I54BT 
SPECIMEN : KC-H-B-4 
TESTLOG : T05261 
TEST DATE: 7/17/2013 
SPECIMEN MEASUREMENTS 


MATERIAL : Stee'. 


WMT&R QUOTE : QN12J622 REV.i 


SPECIFICATION : ASTM E1820-II 
MODULUS : 31 .00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH . 71 
POISSON'S RATIO : 0.300 


5 ksi 


TOTAL THICKNESS (5) 

1.003 in 

WIDTH (W) 

: 2.001 in 

NET THICKNESS (5 y ) 

0.799 in 

UNCRACKED LIGAMENT (b 0 ) 

: 0.978 in 

EFFECTIVE THICKNESS {B e ) 

0.962 in 

NOTCH LENGTH (a K ) 

: 0.915 in 

ST PARAMETERS 

TEST TEMPERATURE 

-20°F 

MAIN RAMP RATE 

: 0.02 in/mi n 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

: 0.02 in/mi 11 

ORIENTATION 

L-C 

PARTIAL UNLOADING RATE 

: 0.02 in/min 

TEST MACHINE 

H20 

UNLOADING INTERVAL 

0.00075 in 

CLIP GAGE 

1261632 

IIOLDT1ME 

: 5.0 sec. 

CUP GAGE LOCATION 

LOAD LINE 

OPERATOR 

DAVE KALO 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

i/2 Point 

S/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.010 in 

1.019 in 

1.023 in 

1.028 in 

1 .030 in 

1.031 in 

1.028 in 

1.019 in 

1.003 in 

FINAL CRACK LENGTHS : 








Side 1 

I /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.018 in 

1.027 in 

1.031 m 

1 .036 in 

1 .038 in 

1.039 in 

1 .036 in 

1.027 in 

1.011 in 


PRECRACK AVERAGE 
PRECRACK a/W 


: 1.0231 in 
: 0.5113 


FATIGUE PRECRACKING SUMMARY 


STARTING P^ 

CYCLES 

TEST CURVE RESULTS 

MAXIMUM FORCE 


: 2167 1b 
: 294305 


: 10886.2 lb 


FINAL AVERAGE 
FINAL a/W 


FINAL Pn, 
FINAL A* 


: 1.0312 in 
: 0.51 53 

: 1912 lb 
: 13 48 ksi(in) u 


R- RATIO ( P mi „ /P^at) 


: 0.1 


GENERAL VALIDITY CHECKS PER ASTM E1820-11 

1. (7.4.5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NO TCH SHALL NO T BE LESS 
THAN 0.055 , AND NOT LESS THAN 0.05 IN. 

Extension = 0.1081 in 0.055 = 0.0502 in 

2. (7.45.1) FOR THE FIRST STEP OF PRECRACKING THE MAXIMUM STRESS INTENSITY (/£,,.*) APPLIED TO THE 

SPECIMEN SHALL BE LIMITED BY = (4r ff / /#„* j(0.4o v 5 ' ksNin) , WHERE a yf AND a n T ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

K nun Applied* 13.0 ksi (in ) 1 K max Limit* 18-7 ksi(in) iw 

3. (7.45.2) FOR THE SECOND STEP OF PRECRACKING THE APPLIED TO THE SPECIMEN SHALL BF. LIMITED BY 
Kauu " 0.6 (a ys ''cys 1 ) * A : f WHERE K f * K JQ . Kjqc, OR K ^. DEPENDING ON THE RESULT OF THE TEST 

K*uu Applied = 1 3.5 ksi(in) Ui Limit = 74.9 ksi(in) iW 

4. (9. 1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN 
0.055 FROM THE AVERAGE a 0 

Maximum Difference = 0.0201 in 0.055 = 0.0502 in 

5. (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE 
THAN 0.055 FROM THE AVERAGE a p 

Maximum Difference = 0.0201 in 0.055 * 0.0502 in 

6. (9.IJ.I) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE 
AVERAGE CRACK EXTENSION 

Minimum Extension = 0.0081 in 50% of the Average * 0.0041 in 


VALID 


VALID 


VALID 


VALID 


ALL GENERAL VALIDITY CHECKS ARE VALID 




GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, anti Nuclear fields 


Phong: (724) 537-3131 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO. : 3-67089 

P.O. NO. : F58154BT 

SPECIMEN : KC-H-B-4 

TESTLOG : T05261 

TEST DATE: 7/17/2013 


Fax: (724) 537-3151 Email: admta8wmtr.com 

K lc DETERMINATION (ASTM F.1H20) 


MATERIAL : Steel 

WMT&R QUOTE : QN121622 REV.I 


SPECIFICATION : ASTM E1820-1 1 
MODULUS 31.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 1 .003 in 

NET THICKNESS (B„) : 0.799 in 

EFFECTIVE TI IICKNESS (B c ) : 0.962 in 

WIDTH (IF) : 2.001 in 

UNCRACKED LIGAMENT (6„ ) : 0.978 in 

NOTCH LENGTH (<i„ ) : 0.91 5 in 

TEST PARAMETERS 

TEST TEMPERATURE -20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H20 

CUP GAGE : 1261632 

CLIP GAGE LOCATION : LOAD LINE 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/rnin 
0.02 in/min 
0.02 in/min 
0.00075 in 
5.0 sec. 

DAVE KALO 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

US Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.010 in 

1.019 in 

1.023 in 

1.028 in 

1.030 in 

1.031 in 

1.028 in 

1.019 in 

1 .003 in 

FINAL CRACK I 

JRNGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

1.018 in 

1.027 in 

1. 031 in 

1.036 in 

1.038 in 

1.039 in 

1,036 in 

1.027 in 

1.011 in 


FATIGUE PRECRACKJLNG SUMMARY 



STARTING P nulx 

: 21671b 

R- RATIO {P min /P max ) 

: 0.1 

FINAL 
PINAL K max 

: 1912 lb 
: 13.48 ksi(in) 1,1 

CYCLES 

: 294305 

TEST RESULTS 

CANDIDATE FORCE (/* c ) 

: 5569.3 lb 

MAXIMUM FORCE {P^) 

: 10886.2 lb 

k q 

: 44.0 ksi(in) l/2 

SPECIMEN STRENGTH RATIO 

: 2.43 


VALIDITY CHECKS PER ASTM E1820-11 

1 . (7 .4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, H'W) MUST BE BETWEEN 0.45 AND 0.55 

a/W = 0.5 1 1 3 

2. (A5.4.2) THE RATIO P n „!P Q MUST BE < 1.10 

P^/Pq - 1-9547 

3. (A5.4.3) THE QUANTITY 2.5 <K 0 /a„) 2 , WHERE a „ IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, ft 

2.5(K e /ors) 2 = 1-3903 in b 0 = 0.9779 in 

4. (7.4. 5.2) FOR THE SECOND STEP OF PRECRACKING THE APPLIED TO THE SPECIMEN SHALL BF. UMITF.D BY 

K ^ -0.6 (a /tt 

K max Applied = 1 3.5 ksi(in) 1 ' 2 K mux Limit = 74.9 ksi(m) w 


VALID 

INVALID 

INVALID 


VALID 


TEST IS INVALID: Kq = 44.0 ksi(in) 1/2 


L. - J - - i L- 

GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OK ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-SI 31 Fax: (724) 537-3151 Email: admuv8wmtr.com 

J-INTEGRAL TEST REPORT (ASTM El 820) 

PRELIMIN ARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE SPECIFICATION : ASTM F.1820-1 1 


WMT&R NO. : 3-4S7089 
P.O. NO. : F58154BT 
SID : KC-H-H-! 

TESTLOG : T05262 
TEST DATE: 7/12/2013 
SPECIMEN MEASUREMENTS 

MATERIAL : Sieel 

WMT&R QUOTE QN 12 1622 REV 

MODULUS: 31.59 Msi 
ULTIMATE STRENGTH : 79 3 ksi 
.1 YIELD STRENGTH : 52 2 ksi 

EFFECTIVE YIELD STRENGTH : 
POISSON'S RATIO : 0.300 
TEST PARAMETERS 

65.8 ksi 

TOTAL THICKNESS (B) 

0.748 in 

TEST TEMPERATURE 

75®F 

MAIN RAMP RATE 

0.02 in/rmn 

NET THICKNESS (B y ) 

0.580 in 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

0 .02 in/min 

EFFECTIVE THICKNESS (/?,) 

0.710 in 

ORIENTATION 

L-C 

PARTIAL UNLOADING RATE 

0.02 in/min 

WIDTH (IV) 

1.499 in 

TEST MACHINE 

H3 

UNLOADING INTER VA I 

0.001 in 

UNCRACKED LIGAMENT (b 0 ) 

0.736 in 

CLIP GAGE 

E81919 

HOLDTIME 

5.0 sec 

NOTCH LENGTH (a , ) 

0.692 in 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK. LENGTHS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.750 in 

0.759 in 

0.761 in 

0.762 in 

0.763 in 

0.766 in 

0.766 in 

0.768 in 

0.764 in 


FINAL CRACK LENGTHS : 


Side I 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.878 in 

0.806 in 

0.832 in 

0.834 in 

0.843 in 

0.847 in 

0.822 in 

0.839 in 

0.877 in 


PRECRACK AVERAGE 

: 0.7627 in 

FINAL AVERAGE 

: 0.8376 in 



PRECRACK a/W 

: 0.5088 

FINAL a/W 

: 0.5587 



FATIGUE PRECRACKING 

SUMMARY 





STARTING />„„ 

: 1381 !b 

FINAL P max 

: 1231 lb 

R-RATIO (/>„„ //“„„) 

: 0.1 

CYCLES 

: 180801 

FINAL K ^ 

: 13.34 ks;(in) ia 



ORIGINAL CRACK 


FINAL CRACK 


MODULUS 


PHYSICAL CRACK SIZE (a a ) 

: 0.7627 in 

PHYSICAL CRACK SIZE (a, ) 

0 8376 in 

MODULUS 

: 31.59 Msi 

EST CRACK SIZE (o„,) 

: 0.7627 in 

EST. CRACK SIZE (ttf^im J ) 

: 0 8375 in 

EFFECTIVE MODULUS 

: 31.59 Msi 

PERCENT DIFFERENCE 

: 0.00 % 

PERCENT DIFFERENCE 

: 0.01 % 

PERCENT DIFFERENCE 

: 0.0 1 % 


VALIDITY CHECKS PER ASTM E1820-1 1 

1. (7 4 2) THF. FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS VALID 

THE FATIGUE CRACK, a/ IV) SHALL BF, BETWEEN 0.45 AND 0.70 

a/W - 0.5088 

2. (9. 1.5.2) DIFFERENCE BETWEEN PREDICTED AND MEASURED (A«„) CRACK EXTENSION SHALL VALID 

NOT EXCEED 0.15 An. FOR CRACK EXTENSIONS LESS TRAN 0 2 b. AND 0.03 b 0 THEREAFTER 

Difference = 0.0000 in 0.15A/!, = 0.01 12 in 

3. (A9 7.2.1) SHALL NOT DIFFER FROM o v BY MORE THAN TIIE LARGER OF 0-01 W OR 0.QI97 IN. VALID 

Difference = 0.0000 in Limit - 0.01 97 in 

4. (A9.7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE a* SHALL BE > 8; NUMBER OF DATA BETWEEN VALID 

0.4/ p AND J e SHALL BE > 3. CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

a Points = 67 Data Points * 22 C.C. ~ 0.99770 


5. (A9.7.I ) POWER COEFFICIENT C t SHALL BE LESS THAN 1 .0 VALID 

Cj - 0.6847 

6. (A9.8.1) THICKNESS, B > lOJg/o, VALID 

fl- 0.7480 in lOJ e /<r r - 0.2580 in 

7. (A9.8.2) INITIAL LIGAMENT, &„ > 10L l Q la, VALID 

b. -0.7363 in UU g /o, -0.2580 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN AND r.,„, AND./,, M , VALID 


Data Points = 56 

9. (A9.6.4) AT LEAST ONE .Me POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE 
AT LEAST ONE J-Aa POINT SRALL UE BETWEEN THE 0.02-in OFFSET LINE AND THE 0.06-in EXCLUSION LINE. 


VALID 


TEST IS INVALID: J Q = 1696.63 in-lb/in 2 
K jq = 242.69 ksi(in) 1/: 




GERALD W. BOICE - THOMAS S. FEDOR 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive t and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 337-3151 Email: admin@wmtr.com 

GENERAL VALIDITY CHECKS (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO. : 3-67089 MATERIAL : Steel 

P.O. NO. : F58154BT 

SID : KC-H-H-l WMT&R QUOTE : QN121622 REV.l 

TESTLOG : T05262 
TEST DATE : 7/12/201 3 


SPECIFICATION ASTM El 820-11 
MODULUS : 31.59 Msi 
ULT IMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.2 ksi 
EFFECTIVE YIELD STRENGTH 65.8 ksi 
POISSON’S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 0.748 in 

NET THICKNESS (R v ) : 0.580 in 

EFFECTIVE THICKNESS ( B e ) : 0.71 0 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75 °F 

TEST TYPE : CT 

ORIENTATION : VC 

TEST MACHINE : H3 

CLIP GAGE E81919 

CLIP GAGE IOC ATI ON : LOAD LINE 


WIDTH (W) 

1.499 in 

UNCRACKED LIGAMENT (p 9 ) 

0.736 in 

NOTCH LENGTH (a„) 

0.692 in 

MAIN RAMP RATE 

0.02 in/mi n 

PARTIAL LOADING RATE 

0.02 in/min 

PARTIAL UNLOADING RATE 

0.02 in/min 

UNLOADING INTERVAL 

0 001 in 

HOLDTIMF. 

5.0 sec. 

OPERATOR 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3 '4 Point 

7/8 Point 

Side 2 

0.750 in 

0.759 in 

0.761 in 

0.762 in 

0.7C3 in 

0.766 in 

0.766 in 

0.768 in 

0.764 in 


FINAL CRACK LENGTHS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.878 in 

0.806 in 

0.832 in 

0.834 in 

0.843 in 

0.847 in 

0.822 in 

0.839 in 

0.877 in 


PRECRACK AVERAGE : 0.7627 m FINAL AVERAGE 

PRECRACK a/W : 0.5088 FINAL a/W 


FATIGUE PRECRACKING SUMMARY 

STARTING : 13811b FINAL P^ 

CYCLES : 180801 FINAL 


: 0 8376 in 
: 0 5587 

: 1231 lb R-KATIO (P mlH /P^) : 0.1 

: 13 34 fcsi(in) 1 ' 3 


TEST CURVE RESULTS 

MAXIMUM FORCE (/>.„ ) : 7051 .0 lb 

GENERAL VALIDITY CHECKS PER ASTM El 820-1 1 

1 (7 .4.5.1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 

THAN 0.055 . AND NOT LESS THAN 0.05 IN 

Extension - 0.0708 in 0.0521 = 0.0374 in 

2. (7.4.5. 1) FOR THE FIRST STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY (/(.„) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY - (a / c„‘)(0.4o yj ksi'iin) , WHERE a n l AND o ; ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied = 1 .3.0 ksi(m)" , ‘ K m „ Limit = 20.9 ksi(in) lri 

3. (7.4.5 2) FOR THE SECOND STEP OF PRECRACKING, THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

*mm =0.6(o^/o a ‘)*K F VfHEREKr-KjQ.Kjgc, OR DEPENDING ON THE RESULT OF THE TEST 

A Applied = 13.3 ks,(m/ v A ^ Limit = 145.6 ksi(in) r ‘ 

4. (9.1 .4 I) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.05,8 FROM THE AVERAGE a, 

Maximum Difference = 0.0128 in U.05£ = 0.0374 in 

5. (9 1 .4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER DY MORE INVALID 

THAN 0 055 FROM THE AVERAGE a p 

Maximum Difference = 0.0404 in 0.05# - 0.0374 in 

6. (9.1 .5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension ■ 0.0470 in 50% of the Average * 0.0374 in 


ALL GENERAL VALIDITY CHECKS ARE NOT 


VALID 


W" / ■■■■-*• 

GERALD W. BOICF. - THOMAS S. FEDOR 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Tenting Specialists for Aerospace, Automotive, and Nuclear Fields 

Phunc: (724) 537-3131 Fax: (724)537-3151 Email: adirnn@wmtr.com 

K k DETERMINATION (ASTM E1820) 

PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 
VVMT&R NO. ; 3-67089 


P.O. NO. : F5BI54BT 
SID . KC-1I-IM 
TESTLOG : T05262 
TEST DATE : 7/12/2013 

SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (fi) : 0.748 in 

NET THICKNESS (B K ) : 0.580 in 

EFFECTIVE THICKNESS (/>,) : 0.710 in 

WIDTH (IF) : 1.499 in 

UNCRACKED LIGAMENT (/>„ ) : 0. 736 in 
NOTCH LENGTH (a , ) : 0.692 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE :CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CLIP GAGE : E8I9I9 

C LIP G AGF. LOCATION : LOAD LINE 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MATERIAL : Steel 

WMT&R QUOTE : QNI21622 RF.V.1 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM E1820-11 
MODULUS : 31 59 Msi 
UL TIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.2 ksi 
EFFECTIVE YIELD STRENGTH : 65.8 ksi 
POISSON'S RATIO 0 300 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.001 in 
5.0 sec. 

CHRIS HICKJNS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.750 in 

0.759 in 

0.761 in 

0.762 in 

0.763 in 

0.766 in 

0.766 in 

0.768 in 

0.764 in 


FINAL CRACK LENGTHS : 


Side I 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/S Point 

3/4 Point 

7/8 Point 

Side 2 

0.878 in 

0.806 in 

0.832 in 

0.834 in 

0.843 in 

0.847 in 

0.822 in 

0.839 in 

0.877 in 


PROCRACK AVERAGE : 0.7627 in FINAL AVERAGE : 0.8376 in 

PRECRACK a/W : 0.5088 FINAL a/'W : 0.5587 


FATIGUE PRECRACKING SUMMARY 



STARTING P„, 

: 1381 lb 

R-KATIO (P ml „ /P maM ) 

: 0.1 

FINAL P„,„ 
FINAL 

TEST RESULTS 

: 1231 lb 
: 13.34 ksi(in) w 

CYCLES 

: 180801 

CANDIDATE FORCE (P e ) 

: 3460.1 lb 

MAXIMUM FORCE (P miu ) 

: 7051.0 

Kg 

:42.6ksi(in) ,a 

SPECIMEN STRENGTH RATIO 

: 3.23 


VALIDITY CHECKS PER ASTM E1820-11 

1 (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE VALID 

FATIGUE CRACK, a/W) MUST BE BETWEEN 0.45 AND 0.55 
a/W = 0.5088 

2. (AS.4.2) T1IE RATIO P^/Pp MUST BE < 1.10 INVALID 

P«,/P e "2.0378 

3. (A5.4.3) THE QUANTI I Y 2 5 (K v /a rs ) \ WHERE a IS THE0.2% OFFSET YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, 4 

2.5 (Kg/ors) 1 - 1.6648 in 6„ =0.7363 in 

4. (7.4.S.2) FOR THE SECOND STEP OF PRECRACKING. THE A'„„, APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

-0.6(oyj /»«' ) * K, WHERE KV = A e 

A**, Applied - 13.3 ksi(in) lw Limit = 25.6 ksi(in) i/2 


TEST IS INVALID: Kq = 42.6 ksi(in) ,/2 


•— *-/ ^ 

GERALD W. nOICE - THOMAS S. FEDOR 


“NOTE: THE RECORDING OF FALSE FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 
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a£ 

m 


< 

5 


32 


< 

M 

32 

Cl. 

i 


co 


8 S 

Z 1/1 
>4 UU 

a * U 

9 £ & 

SPZ 


S 2 


^2 


Z 

gg 
2 

1 
1 
< 
m 
2 


o 

5 - 
< < 
-J u 


o 

u 

-J 

< 

z 

a 


CO 


a 'c c 
“ 52 O 

o s 


1 

6 


*h 

> 

CD 

UJ 


•- c 

to zrr 

_ra 33 
W "I 


I 1 

a. 1 


■a S' 


-a B 

1 J 5 

I = 

C 3 

^ z 


»— C^ON'-Om OcoC^Or**! — ‘'“>' 0 T T<''< < ’ v IO'r*-)— -fS— *C' 0 ©; 3 ''r r "' 

SSSSoooooooooSpSwOOoopoqppp 

dddddddddddddddddddddddoddd 


r^avcootnoocsr-Tfor'r'i^rr' 
— ------ vo rv ^ ae oe cc 


1 5 


o> r- © oo p oc 


* 


r- r- cs — 

© © C"- 00 CO 


- - — r- r— r— r- r- p-* ^ r- t^- p- r-~ p p r-- 


p> r- r-- 


dddddddddooodooooooooooo©©©©©©©© 


o 6 oowas»aoa*MMX '0 


O' C\ O' 5 s 3-. O' 5" O'. O' O'. SSoOVOf S PPPONOsCVpO'PO' P O' 
CnC'O'PO'O'OO. OO' O'O'O'O'O'PC'O'pO'. C'OO'C'OSO'O'O'C'O' 
©O'O'PPO'O'O'C^O'.CI'. O'OVONOYpPPpppppqpOSO'ppp 


r-t^i^O'O'Otnr-'Tr'o^r 


©ddooooooooo©©©© 


dooooooooooooo 


o'". © W~> O' 
t. f' r- 


>/~, © — p- 

© t-* © oo cn 


coococo 6 o 6 cco 6 c 7 \do'dc\C'CNdC' 0 ' 0 \o ; ddddddodc:dddd 


SSSSSSSSSSS^II^SSSSSSiSSSSSSS^^S 

l 3 tiUUUUlilUUlillIlUU^ULiuUUUUXU£HUUUUUUIll 

_ - -2 




irt VI O' < 7 « M 
v, w*/ «n <r> © © © 
t- p- r-- r- r- r- r- 


t — r^- r — r—- r-^ r^ 


r- r- vo <*t o — 

h O ^ 'O - - 


m t M N * ' '4 V 

NNfsm 


3 3 c: 


oGvj'opooeO'-— ■^f'oopv 

tMN 'CC'tC«<nh-OOtr 


• ■ p- cn p^ Tfr pi r^i — 

ZTL— * < oov-»orrc''^- 
S£oo — — <N <N f-l c-, 


^cs — i^'Tro(N'cr^'C*tocs' 0 ^io<^<*ovr>^rpnOTror'OppoocN 
£4 — o'oosoi^^r^r^'f'r. «p, d<NP't'">©p!»'*t' — ; n *t — po ■o p 10 
-‘ - -- — ‘ ' * “ «t h 6 o » « “ ^ J ^ ^ 

i/-, i/- ( ^ vj \j) vo p- 


rp © O 


ac 00 wo co 


« c« 00 >c o S 

VO *t p © -; °1 JQ 

o n r i n " 5 

- M t «C 00 " 2 , 


(fiO VW^virrMttNN't'Of'O^-N^^ioSSc'C 
O — *p, p- © 00 pi © p~ pi © tr, co o C tf O - o 00 * ! 'r '*■: 


cc rj v - do 10 t n 01 n rp 
'OOr^r-O'^foofN- 
-NiNrifn^^n 


© rp '/*i «/■> <0 p- o 


r-~, © O © 


n - i j 8 


oooo^o^Zi- 


335 sE:siasi# 55 !^ 6 jSssBKSS = SS 25 S® 5 SSIIs 


r) VI \a If I ’t Vi rg v 

© © »p, in cb « o d 

m p- O' <n at r- o PI 

. -7 "J V| Vi 10 o O 

©SOSO©©©©©© 


O r-. 


o c\ N v, s: n 


pj m -* 3 - >/■> p- © — • ^ « 00 - tt 

OO-N^-t'Of'OOC'-N . 

o •— — ■ — — > — — — — — C'lPJPJPJCMPIPlr^mr^p', p*. r~. r - ! ro 

00000000000 ccccroqqqqqqqpo 

ddddddddddddddddddddddddd 


- Vi OO ■ — VI O' 

c-i <-<-1 -<T "O r^- go 

S S S S S 3 

d d d d d d 


-N^'TVI'CII'-KO' 


n tr v so i' 


'NOTE: THE RECOKLIINO OE FALSE, FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY HE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE.* 


Westmoreland Mechanical Testing & Research, Inc 


< 

3 

8 

Q 

k. 

2 

2 

f 2 


1 

C 4 

<N 

© 

O'* 

I 

1 

5 ' 

H 

£ 


-J 

< 

5 

H 

< 


LU 


< 

a: 

P 




* p= g 
ISfe 

? p 2 


.= .5 ^ 

** 

N n U 

VO \o ^ 

r~ __ 


In 

< 

w w 

p 

< < 

—2 O 

P Ui 

g > 

c X 

O Oh 


cn 

< < ~j 

^ - 3 

c o a 
2 2 o 
o o S 


O .g 


t 

X 

w 


I 


o'C'AMNtoov^ft-opjjjj^ 

^MoooocoNNN^fnm’or'Mocc 

„ „ n M N M M N n r( N M N N r, (J « 5 55 2 n 

ooooooooppooooop 

OOOOOOOOOOOOOOOO 


o o p 


Os ^ - IT fTi NT 

t-' x ^ c o r-J 

n ^ ^ 2 2 2 

o o o o o O 

o' © © o © d 


f^i f^i in O' n ^ ri co . 

OOMWXMOOCOCOMOOXX 

000000000000000 


r-O'C-'OOOoor^, r^O’^Nn'CvOOr^ — 00 

or^ooo — — 'N^Tfin'Ci'r'OiCNO-j 


r-« r-^ 

0000 


go eo go co co co 

00000000 


O' gh g\ <g> gv » 

O' O O*. Ov O' O' 

O' O' ON On On flv 

ddoooooooo 


8 8 


O'OnOnCnCnOiOnOJJJ 

O'OnOnOnCnCnOnO'O'O'J 1 

o. CTNOONCvOppp OO 

dddddddddoo 


o o o 

CN O' - - — r* 1 ! 

d o’ — — — — : 

"t *t ■•t ^ •'t 


u ti pi pi u u u u u u a u u a) 

r-! <n — <n o •- o c\ tn — o r-~ C'l 

OCOOOOCCCOOOOOOOOOCOOOOOOOSOOO 


•2 ;s 

Jtj O 


II 


,2 ■£■ 

Qm 

*) .58 


1 1 


o “ 

1^.2 
fc o O 


D z 


rtWinrjNOmOm(N'0'0 5£2 ,fl Stl5S 

^ h ri ci n H N fj ^ f'i ^ ^ ^ ^ 5 


- 50 ON O 00 O 

o O — ^ r<^ 

^ I 1 I 1 ^ ^ 3 

4 't ^ ’t 


ssxsgg§gS 88 SSSg§g§|SS^f^?§Sg 

UUUUWWUWWWPJ^WMHISUWUJlllUiBBWWUWli^U 


, «■<■> 00 o m m 

00 co 00 o' O O 

OO 05 OO » M O' Oi 


t> - ^ CO NO W| 00 
- f>) M M fO 5 
O'. On On CN O' O' 


NO't'Ovi^co— > 00 — r-'^N^too 

oof»VNOVjfoNON'OMNO«0 

o-i d in ©d rn aV — • t"> d c - *- 3 2 t 

obrNl^Nt'-'O-C-'O'' 1 * 

- Tft^^'O'or't'WW 


. , r*-> ■/-) O' X NO OO 

O'. *t « x N f' ~ NO 

uj ui i-m i — .j. ^ '. > - sh O ■ 1 ' * r* 4 f'l rn ^ '4 n 

X— «— < U. — — — — f^NNMNNrfnrJpJM 


O'oc-'^-'O^r^orN'OOCN'n 

-r'CNOoiiNONcor-rri-iw 


n 


t'- no W ^ CO o o 

Nrt O O ^ O 't 


© © in «n as 

W "■) O N ^ ^ 

06 — • ri rn no 


os o m *— ts © © ^ 


n© © SO m 


Tt CCltXM'Jh'COCO'JN/Nr^rN'T'O 


O — tsj . 

w _ , . . N N N rl (S 

NNNNNNNisnnr) 


?! ?! 


<S <N *n 

p«-, m t -3- t* r* 
PJ N rN rj f'l M 


O' 00 o o 

f'l ff) 1^1 

d ~ — * 


© ‘O 


m, rj r-- ct. r. O - O'. - 

h r, TT Tt J, N O » h 't h 

it r, O "■ d ri n c<3 M 't O' 

»..,©«- >sc©«nCS’3 , ©Or« r iCO<N 
— Mrir'i^, ^■'T'fl'^Nf'NONor' 


On «n f+i © 

*n — 00 
in 00 in in 
— o — 
i> 00 00 o 


ri--MNhMN 
r-'-^pr^p<nrnts| 
drti/irvif<; — OOP- 

•c — «n O 


r* rsi ©. m 
r~ o 00 
4 00 no 

in a-. -a - oc 


Tf ON I»1 . . . _ 

00~"f'lfNr'.r r i'j 'J x "! 
NMMfSNrSrsrlNNNlNM 


CC f'l CO ^ 


TT (N O 


3 


N — ror^stmO — 

''OONP‘'TlW“ , r > WS 'w' O — ’ © C*^ © f'J SO p -» • — — . j ; - t — ; — — 

WN-QMooNd^TffrlnN^gjMCgNOvjjM'-'OOjr'^jp^'JgSS 

.•ir i ,'0 J v-tN0 , Or' 00 CsO— 'rjnt^-^'Cr'OOC'O-MNn^^^f'WCNO 

ri rl rl rlrl Cl f'l M M ^ ^ ^ ^ ^ ^ ri r ' ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 'T ^ ^ ^ ^ 


Tl-NCiCTMVNCNNn-- , *'C | flNr'NMMOi- H 1 Nr^W > iONtON-COpffjOO 

ass 8s^ci!!^8ta3ii3 S?sasi = «Sig§||S»s 

g|g££S£££SS$ll^««"SS$SSS 3 S i? 


'O O ■■£’ 'O 


N'OCsm^ON^t'-’t^N 

O-'Ntn'OMO'-Nf'l'r. 

oPoooooooppp 

dddddddddddd 


C rf 
CC O' O r^l <*n 


r* r' c^- . -. 

o o o o o o p 


S mr^OTfo- — rrao— - 
— <n|^(/-, NOOOOOfS 
UOWWMMWMMOnON 
OOOOOOOOOO 


33 

doddoo© ©ooooooooo ©o 


ONO'-Nn’t^^hXO'C'-Nmrf 


m m m 


>0 >C NO >c 


"NOTls: THE RECEDING OV FALSE. FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT M AY BE PUNISHABLE AS A FELONY UNDER FEDERAL STATUTE.' 


u 

& 


> 

ct 


£ 


* 

5 

at 

•a 

f- 

z 

6 




00 

§ 

_J 



< 


06 

m 

a3 

© 

P 

< 

5 

S 

lt: 

H 


ia 

Z 


8 
§ s 


si 

-rS^ 
i h " 

5g< 

* d £ 
9 ^ S3 

w S- H 


| | 

£ ® fc 

E '? § 

C! w-i 
C 1 oc 

^ o » 
* Z 


||S 

2 £ 9 

C > o- 


■- -- s 

r— r-* 


§ b 
P z 

< w 

9 2 

d i 

< 3 

u < 

LJJ 111 

z S 

1 < 

_l u 
£; Si 

O 1 
U £ 

5 2 

g g 

2 2 
c o 


o 


js ; 

<u 

E 

o 

U 


> 

CQ 

LO 


- c 

tc cc* 

« ,£$ 
s 


1 

n 

Cl. 


xC © — — O O 
rl N Ti h M 


OO N W ro 


oooooooooppooooqoooppopo 

~ddo©©o©ooddddddd©©o©ooo 


rooooor'-r^-fNcsaa’oovn — p 
v> or'POfS^w->\ooo<^-;r'l 
O © © © — — — — «— > — 1 1 N N 

OOlJOCOMSCOOOOOOWMOCXilO 

dddoddddddddd 


^r^TfoomvnO'ocv^ 

w~, sc oo a\ o fN rr «/-! r~- 

WOOWWMMSC'OCM 

©©©ddddddd 


rr, rfi f-l C*-l r j — * m rN • — r» i — < n i > i w v« ■ _ • • 

cscscsosaxososo'osasososos as ©• '3N , i'2'2'2'J2'?2 
c\c\ppc‘ppppppppppppp , pp^' c ^ a ^ <7 ) 
©d ddddddd ddd©d©©ddddd©o© 


r-^ 


5 5 5 


tf> o*i w*i w* 


0 'C< v v'C'>o i /iC'Scr^'roi^'r^- 
f*->v~icooc v ipr^oo<N , /*}CO — 
r^t^ScoMoeocM(7>cv(7>o 
Tr^--5-' , if*5-'5‘ ,r t' r 5' r t‘ r t' r r u ^ 



■O VO SO SO *© 


g s S g I I 


if s 

pliuuuuBiuuiiliduAd 

ttr-'fn<Nsot^f'J'- , <NC'i< , ^i'T^r 
_,\5hM0'O'-(NmrfinO^« 
OsOsOS©©©©©©© 


SO SO SO © •© 

7 7 * . 9 

U U) UJ U1 UJ 

. . . . so r-~ as 

© © — — fO ^ « 


Iss 


(NpirgNpidNriNNNNNMNfSN 


1 •* 1 ■w « • — ■ — w 1 - > ; ■ • » -j , ; - ; 

— r'ivSr-CsSOSO-^tOfN'OCsrSmr'J 
0 ^ n 'O - vjCsrrioofS'o— i^as 
OOOSOSOO — — — N (S rj- rf Tf 

fN CN fN r'T <*o r'Y r»“i r<T fT cl CO 


'CsOOOV)'OOOiopO 

— OfSNvex 
r, 0-'0-49C-«‘. 
iri^so'or't'hocoo 
cnpomror^m^pnmr*'. 


so </-, r^- ■ — ■oocsr^-ro'^icST'-'C 
r*-. T*sor--Trxqrocsosnos©oq 
TftfiXKwwcJdcs- • — ■ (j « 
i/tiflirtinmin'n , 'C\C'O i C'C'0 
MMNNNINNNNNNNN 


fn i' x c tc 


c O - (N in 

N r-l ift \q o 

wi vo 00 - ’ - 

xO so so so VO <0 «< v i' »- 

NMMNNNNfSrsN 


_ q n 
ad » - O 


r-- <n so o r- t^r sc vr rs 

f^pp'TC^uqpt^I^acpq 

iv!nf5r5/vr!|vr»i , ^'i’C 'tf'CMoorxissDO' f i 
voosr*”. r'r'JCO , ^'00<Npp^C7s 
OO M © © O O *— — — 

N (N M N n M M rs ^ f'' ^ ^ ^ ^ ^ ^ ^ ^ 


m tt r^> ^ 00 


« N VO 


— se-«tspr^oor*so^-^rso — M«nc«o 
S’stNf^CJ'vqqq^N'FN^'tq'- ; n q 
5 0'X>c^tffdpido^O'cdt'q’trt--c?' 


OC'3CsC‘0’«ff^fMOOsOSOO 
r--N(^’tV i !'Ct s OOOOO\ 


.-Nn , t'ri , cr s hoo 

sososO'OvO'C'CsC'O 


■O **» rn 
Cs O — • 
s5 f' I s 


3 5 


§ n 


> 3 


It ji 

1 I 

J~ 3 

3 Z 


MNO»arjir l ONN'i-»N^h« i q^qq T i; ,, ) K | ( * 
esi r* -g* </■> ao ^ ‘ 


vO c Ti so t r, r) 
© O', © os ~ 


O 00 O •/*! 


sC xC SO SO 


t N N 
’T^—- 
CO 00 00 OC SO 
O O O 'C c 


r- so Tt o-i o o -c 

^ r-- r^- r — r — c 

so so so so so so so 


r, Ttsor'WO-MJ 
OCsOsCsCsOOO© 
©OOOO 


i?i so 00 


s 2 n s? 

n N r) rl 

©©©©©©©©©oddddoddoo©©©© 


10 m ^ 10 00 rj <o 
O O N W "ff SO l v 


Tt 10 «c oc os 
r' P' r- r- 


“NOTE: THE RECORDING OF RAISE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE FUNIS 1A8LE AS A FELONY UNDER FEDERAL STATUTE." 



"NOTE: THE RECORDING OF FALSE FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISH AB1 £ AS A FELONY UNDER FEDERAL STATUTE " 


e 


EC 

X 

0 


F— 

Sg 


= £ a 

J2 


VI O 

o £ 

t~- J 

fTi 


C* 

■<T 


a 

a- 



(qi) sojoj 


'NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OK ENTRIES ON THIS DOCUMENT MAY BE FUNIS! IABLE AS A FELONY UNDER FEDERAL STATUTE. - 


KC-H-H-2 


A -225 Gr. B HAZ 
J, c FRACTURE TOUGHNESS 
T-L 
RT 


231 


WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin@wmtr.com 

J-1N TEGRAL TEST REPORT (ASTM E1820) 

PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTIT UTE SPECIFICATION : ASTM El 820-1 1 


WMT&R NO. : 3-67089 

MATERIAL Steel 


MODULUS : 30.96 Msi 


P.O. NO. : F58I54BT 



ULTIMATE STRENGTH : 79.3 ksi 


SID : KC-H-H-2 

WMT&R QUOTH : QNi21622 REV.l 

YIELD STRENGTH : 52.2 ksi 


TESTLOG : T05263 



EFFECTIVE YIELD STRENGTH : 

65.8 ksi 

TEST DALE: 7/12/2013 



POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TEST PARAMETERS 


TOTAL THICKNESS (D) : 0.752 in 

TEST TEMPERATURE 

75°F 

MAIN RAMP RATE 

0.02 in/min 

NET THICKNESS (F.v) : 0.572 in 

TEST TYPE 

CT 

PARTIAL LOADING RATO 

0.02 in'min 

EFFECTIVE THICKNESS (R r ) : 0.709 in 

ORIENTATION 

L-C 

PARTIAL UNLOADING RATE 

0.02 m/min 

WIDTH (IT) : 1.501 in 

TEST MACHINE 

H3 

UNLOADING INTERVAL 

0.0015 in 

UNCRACKED LIGAMENT (6„ ) : 0.732 in 

CLIP GAGE 

E81919 

HOLDTIME 

5.0 sec. 

NOTCH LENGTH (a„) : 0.691 in 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 

CHRIS H1CKINS 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.744 in 

0.758 in 

0.768 in 

0.773 in 

0.776 in 

0.778 in 

0.775 in 

0.775 in 

0.762 in 


FINAL CRACK LENGTHS 


Side 1 

1/8 Point 

1 /4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.837 in 

0.821 in 

0.836 in 

0.842 in 

0.858 in 

0.845 in 

0.839 in 

0.837 in 

0.859 in 


PRECRACK AVERAGE 

0 7695 in 

FINAL AVERAGE 

: 0.8407 in 



PRECRACK a/W 

: 0.5127 

FINAL a/W 

: 0.5601 



FA TIGUE PRECRACKING 

SUMMARY 





STARTING 

: 1 394 lb 

FINAL 

: 12171b 

R-RATIO (/>„„ /P m ) 

: 0.1 

CYCLES 

: 192300 

FINAL 

: 13.27 ksi(in) w 



ORIGINAL CRACK 


FINAL CRACK 


MODULUS 


PHYSICAL CRACK SIZE (a, ) 

: 0.7695 in 

PHYSICAL CRACK SIZE (a,) 

: 0.8407 in 

MODULUS 

30.96 Msi 

EST. CRACK SIZE (a*, ) 

: 0.7695 in 

EST. CRACK SIZE (aputati) 

: 0.8487 in 

FFFECT1VE MODULUS 

30.96 Msi 

PERCENT DIFFERENCE 

: 0.00 % 

PERCENT DIFFERENCE 

: 0.95 % 

PERCENT DIFFERENCE 

: 0.01 % 


VALIDITY CHECKS PER ASTM E1820-1 1 

1. (7.4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS VALID 

THE FATIGUE CRACK. a/W) SHALL BE BETWEEN 0.45 AND 0.70 

a/tV - 0.5127 

2. (9.1. 5. 2) DIFFERENCE BETWEEN PREDICTED AND MEASURED (Aa f ) CRACK EXTENSION SHALL VALID 

NOT EXCEED 0.15 &u r FOR CRACK EXTENSIONS LESS THAN 0.2 b c AND 0.03 THEREAFTER 

Difference * 0.0080 in 0.15A8, = 0.0107 in 

3. (A9.7.2. 1)0*, SHALL NOT DIFFER FROM «„ BY MORE THAN THE LARGER OF 0.0 1 W OR 0.01 97 IN. VALID 

Difference = 0 0000 in Limit = 0.0197 in 

4. (A9.7 .2.2) NUMBER OF DATA AVAILABLE TO CAIjCUI.ATF. ffc,, SHALL BE > 8, NUMBER OF DATA BETWEEN VALID 

0.4 / v AND J Q SHALL BE > 3; CORRELATION COEFFICIENT OF T1 IE LEAST SQUARES FIT SHALL BE > 0.96 

Points = 42 Dam Points = 12 C.C. = 0.99433 

5. (A9.7. 1 ) POWER COEFFICIENT C s SHALL BE LESS THAN 1.0 VALID 

C, =0.8059 

6. (A9 8.I)TH1CKNESS,B > 10 J e i<x, VALID 

B =0.7520 in \0J g /a r -0.1727 in 

7 (A9.S.2) INITIAL LIGAMENT, b. > lOJpia, VALID 

b e =0.7315 in l0J e to r - 0.1727 m 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN <u, ANDn,.„„ AND/„„, VALID 

Data Points = 47 

9. (A9.6.4) AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. VALID 

AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0 02-in OFFSET LINE AND THE 0 06-in EXCLUSION LINE 

TEST IS VALID: J, c = 1 135.56 in-lb/in 2 , 


K. llc = 196.56 ksi(in) 1/2 

GERALD W. BOICE -THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FALSE. FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON T! OS DOCUMENT MAY HF. PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE.” 
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Phone: (724) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, anil Nuclear Fields 

Fax:(724)537-3151 


Email: ailmin@wmtr.com 


GENERAL VALIDITY CHECKS (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWKSl RESEARCH INSTITUTE 
WMT&R NO. : 3-67089 MATERIA l. 


Steel 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 30.96 Msi 


PO.NO. F58154BT 
SID : KC-H-H-2 
TESTLOG : T05263 
TEST DATE : 7/12/2013 


WMT&R QUOTE : QN12I622 RbV.l 


ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH 52.2 ksi 
EFFECTIVE YIELD STRENGTH : 65.8 ksi 
POISSON’S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 0.752 in 

NETTHICKNESS (B*) : 0.572 in 

EFFECTIVE THICKNESS (B,) : 0.709 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75 “F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CLIP GAGE E819I9 

CLIP GAGE 1 LOCATION : LOAD LINE 


WIDTH (IT) : 1.501 in 

UNCRACKED LIGAMENT (i>„ ) : 0.732 in 
NOTCH LENGTH (a,) : 0.69 1 in 


MAIN RAMP RATE 
PARTLAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0015 in 
5.0 sec, 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.744 in 

0.758 in 

0.768 in 

0.773 in 

0.776 in 

0.778 in 

0.775 in 

0.775 in 

0 762 in 


FINAL CRACK LENGTHS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.837 in 

0.821 in 

0.836 in 

0.842 in 

0.858 in 

0.845 in 

0.839 in 

0.837 in 

0.859 in 


PRECRACK AVERAGE : 0.7695 in FINAL AVERAGE : 0.8407 in 

PRECRACK a/W . 0.5127 FINAL a/W : 0.5601 


FATIGUE PRECRACKING SUMMARY 

STARTING Pmc :13941b FINAL : 12171b R -RATIO (P MH / P : 0.1 

CYCLES 192300 FINAL : 13.27 ksi(in) 1 ' 1 


TEST CURVE RESULTS 

MAXIMUM FORCE (P ) : 6757.9 lb 

GENERAL VALIDITY CHECKS PER ASTM E1820-U 

1. (7.4.5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 

THAN 0.05B . AND NOT LESS TRAN 0.05 IN. 

Extension - 0.0785 in 0.05# = 0.0376 in 

2. (7.4.5. 1) FOR THE FIRST STEP OF PRECRACKING. THE MAXIMUM STRESS INTENSITY (K^) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY - (9jJ / a „ )(0.4a „ J ksiSin) . WHERE a n J AND a n ARE THE MATERIAL 

YIELD STRESSES AT TIIE FATIGUE PRECRACK AND TEST TEMPERA J UKES RESPECTIVELY. 

Kmux Applied = 13.0 ksi(in) l/:i K ^ Limit - 20.9 ksi(in) l/:i 

3. (7.4.5.2) FOR THE SECOND STEP OF PRECRACKING, THE K max APPLIED TO THE SPECIMEN SHALL RF. LIMITED BY VALID 

K*uix * 0.6 (ff„ ; /On ) * k f. WHERE K P - Kjq. Kjqc. OR Kjq.. DEPENDING ON THE RESULT OF THF TEST 

Applied = 13.3 knQii?* K max Limit- 1 17.9 ksi(iit) M 

4. (9.1 A 1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.05# FROM THE AVERAGE a 0 

Maximum Difference = 0.0255 in 0.05# = 0.0376 in 

5. (9.1.4 2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VALID 

THAN 0.05# FROM THE AVERAGE a p 

Maximum Difference = 0.0198 in 0.05# = 0.0376 in 

6. (9. 1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension - 0.0620 in 50% of the Average - 0.0356 in 


ALL GENERAL VALIDITY CHECKS ARE VALID 



GERALD VV. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, HC1 ITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON TI IIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive , and Nuclear Fields 
Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin@wmtr.com 

K lc DETERMINATION (ASTM E1820) 

PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


WMT&RNO, : 3-67089 
P.O. NO. :F58I54BT 
SID : KC-II-H-2 


TESTLOG : T05263 
TEST DATE : 7/12/2013 

SPECIMEN MEASUREMENTS 


TOTAL THICKNESS {B) : 0.752 in 

NET THICKNESS (B N ) : 0.572 in 

EFFECTIVE THICKNESS (B e ) : 0.709 in 

WIDTH (IT) : 1.501 in 

UNCRACKED LIGAMENT (A, ) : 0.732 in 

NOTCH LENGTH (a„ ) : 0.691 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CLIP GAGE : E81919 

CLIP GAGE LOCATION : LOAD I .INF. 


MATERIAL : Steel 

WMT&R QUOTE : QN121622 REV.l 


MAIN RAMP RATE 
PARTIAL IT) A DING RAT E 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 30.96 M»i 
ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGT H : 52.2 ksi 
EFFECTIVE YIELD STRENGTH : 65.8 ksi 
POISSON’S RATIO : 0.300 


: 0.02 in/min 
: 0.02 in/min 
: 0.02 in/min 
: 0.0015 in 
: 5.0 see. 

: CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 

PRECKACK LENGTHS : 


PRECRACK a'W 


: 0.5127 


FINAL a/W 


FATIGUE PRECRACKING SUMMARY 


STARTING P max 

FINAL 

FINAL 

TEST RESULTS 

CANDIDATE FORCE. (P Q ) 
k q 


1394 1b 
12171b 
13.27 ksi(in) 1 ' 


: 3288.5 lb 
: 41 . 1 ksi(in) 1 


R -RATIO (P mt „ , 
CYCLES 


: 0.5601 


p 1 
1 Mia l 


MAXIMUM FORCE (?.„ ) 
SPECIMEN STRENGTH RATIO 


: 0.1 

: 192300 


: 6757.9 lb 
: 3.19 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Poinl 

Side 2 

0.744 in 

0.758 in 

0.768 in 

0.773 in 

0.776 in 

0.778 in 

0.775 in 

0.775 in 

0.762 in 

FINAL CRACK LENGTHS : 

Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.837 in 

0 821 in 

0.836 in 

0.842 in 

0.858 in 

0.845 in 

0.839 in 

0.837 in 

0.859 in 

PRECRACK AVHRAOE 

: 0.7695 in 

FINAL AVERAGE 

: 0.8407 in 





VALIDITY CHECKS PER ASTM E1820-11 

1 . (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF TIIE CRACK STARTER CONFIGURATION PLUS THE VALID 
FATIGUE CRACK, a/W) MUST BE BETWEEN 0 45 AND 0.55 

a/W =0.5127 

2. (A5.4.2) THE RATIO P^/Pq MUST BE < 1.10 INVALID 

p^iPq ” 2 0550 

3. (A5.4.3) THE QUANTITY 2.5 (K q /o k ) ’ , WHERE a„ IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN TIIE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, 4 

2.5(Kq/ tXrs) 2 “ 1.5515 in 6„=0.7315tn 

4. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKJNG, THE /r„„, APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

= 0.6 (on' /a, s’) • K r WHERE It, = K 0 

Applied = 13.3 ksi(in)‘“ Limil = 24.7 ksi(in) 1 ' 3 


TESTIS INVALID: Kq =41.1 ksi(in) 1/2 



GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: adminig wmtr.com 

J-INTEGRAL TEST REPORT (ASTM F.1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMTftK NO. : 3-67089 

P.O. NO. : F58154BT 

SPECIMEN : KC-H-H-3 

TESTLOG : T05264 

TEST OA IE: 7/1 9/20 1 3 


MATERIAL : Steel 

WMT&R QUOTE : QN121622 REV.I 


SPECIFICATION : ASTM E1820-I I 
MODULUS : 3 LOO Msi 
ULTIMA I E STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (0) 0.752 in 

NET THICKNESS («„) : 0.575 in 

EFFECTIVE THICKNESS (B, ) : 0.710 in 

WIDTH (IF) : 1.500 ill 

UNCRACKED LIGAMENT (A.) : 0.732 in 
NOTCH LENGTH ( a « ) : 0.689 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20«F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CUP GAGE : 10243952A 

CUP GAGE LOCA TION : LOAD LINE 


MAIN RAMP RATE 
PARTIAL LOADING KATE 
PARTIAL UNLOADING RATE 
UNTO A DING INTERVAL 
HOT DTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


FINAL CRACK LENGTHS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0 753 in 

0.765 in 

0.770 in 

0.772 in 

0.772 in 

0.773 m 

0.771 in 

0.766 in 

0.758 in 


Side 1 

1/8 Point 

174 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.759 in 

0.771 in 

0.776 in 

0.778 in 

0.778 in 

0.779 in 

0.777 in 

0.772 in 

0.764 in 


PRECRACK AVERAGE 
PKECRACK a/W 


: 0.7681 in FINAL AVERAGE 

: 0.5121 FINAL a/W 


FATIGUE PRECRACKING SUMMARY 

STARTING />_, ; 1 400 lb FINAL 

CYCLES :212701 FINAL 


: 0.7745 in 
: 0 5163 

: 1213 lb R-RATIO (F„,„ ■' P ,^) : 0.1 

: 13.21 lua(in) M 


ORIGINAL CRACK 

PHYSICAL CRACK SIZE (</,) : 0.7681 in 

EST. CRACK SlZE(o^) : 0.763 1 in 

PERCENT DIFFERENCE 1 0.65 % 

J, VALIDITY CHECKS PER ASTM E1820-11 


1. (7.4.2) THE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 

VALID 

FATIGUE CRACK. a/W) SHALL BE BETWEEN 0.45 AND 0.70 



a/W 0 5121 



2. (A6.2.2) THICKNESS, B > 100J 0 to r 


VALID 

B - 0.7520 in 

IOOJq/cty = 0.3714 in 


3. (A6.2 2) INITIAL LIGAMENT, it > 10U/ c /er, 


VALID 

A. -0.7319 in 

\0OJ Q /<r r =0.3714 in 


4. (A6.2.2) CRACK EXTENSION, Ha, < 0.008 + J B /2 <r y 


VALID 

= 0.0064 in 

Lima = 0.0097 in 



FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE MET 


TEST IS VALID: J c = 265.52 in-lb/in 2 

K„- 95.11 ksi(in) 1 ' 2 

GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FAT SF„ FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNIS! IABLE AS A 

FELONY UNDER FEDERAL STATUTE " 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admimtwmtr.com 

GENERAL VALIDITY CHECKS (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO- : 3-67089 

P.O. NO. : FS8154BT 

SPECIMEN : KC-H-H-3 

TF.STL0G : T05264 

TEST DATE : 7/19/2013 


MATERIAL : Sled 

WMT&R QUOTE : QN121622 REV. I 


SPECIFICATION : ASTM EI820-1 1 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 84 0 ksi 
YIELD ST RENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON S RATIO : 0 300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (fl) 0.752 in 

NE T THICKNESS (fly) : 0.575 in 

EFFECTIVE THICKNESS (tl, ) : 0.710 in 

TEST PARAMETERS 

TEST T EMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CLIP GAGE : 10243952A 

CLIP GAGE LOCATION : LOAD LINE 


WIDTH (IF) 

1 500 in 

UNCRACKED LIGAMENT (6, ) 

0.732 in 

NOTCH LENGTH (a„) 

0,689 in 

MAIN RAMP RATE 

0.02 in/min 

PARTIAL LOADING RATE 

0.02 in/min 

PARTIAL UNLOADING RATE 

0.02 in/min 

UNLOADING INTERVAL 

0.0005 in 

HOLDTIME 

5.0 sec. 

OPERATOR 

CHRIS H1CKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.753 in 

0.765 in 

0.770 in 

0.772 in 

0.772 in 

0 773 in 

0.771 in 

0.766 in 

0.758 in 

FINAL CRACK LENGTHS 

Side 1 

1/8 Point 

1/4 Point 

3'8 Pnim 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.759 in 

0.771 in 

0.776 in 

0.778 in 

0.778 in 

0.779 in 

0.777 in 

0.772 in 

0.764 in 

PRECRACK AVERAGE 

: 0.7681 in 

FINAL AVERAGE 

: 0.7745 in 





PRECRACK a/W : 0.5121 FINAL a/W : 0.5163 


FATIGUE PRECRACKING SUMMARY 

STARTING TL*,, :14001b FINAL P„,„ : 1213 lb R-RATIO (P„,„ i P ) 0.1 

CYCLES : 212701 FINAL K„„ t , : 13.21 ksKin) 1 ' 2 

TEST CURVE RESULTS 

MAXIMUM FORCE (/>„,) :5671.51b 

GENERAL VALIDITY CHECKS PER ASTM E1820-1 1 

1. (7.4.5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 

THAN 0.05A, AND NOT LESS THAN 0.05 IN. 

Extension = 0,0791 in 0.05A = 0.0376 in 

2. (7 .4.5.1) FOR THE FIRST STEP OF PRECRACKING THE MAXIMUM STRESS INTENSITY (A,,,., ) APPLIED TO THE VALID 

SPECIMEN SHALL BE I IMITED BY - (a / <r j(0.4o n ksNin) , W1 IERE c„ : AND a ts r ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied = 13.0 ksi(in)'" Limit = 18.7 ksi(in) 1 '’ 

3. (7.4.S.2) FOR THE SECOND STEP OF PRECRACK1NG THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VA1 ID 

A'„„ -OAfayJ to„‘ )'K f . WHERE Kr-Kjg.Kjgc, OK Kj^. DEPENDING ON THE RESULT OF THF. TEST 

Applied = 13.2 ksi(in) 1 " K ^ Limit « 50.8 ksi(m) ,a 

4. (9. 1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.05 A FROM THE AVERAGE fl„ 

Maximum Difference = 0.01 51 in 0-05A - 0.0376 in 

5. (9 i.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VALID 

THAN 0.05S FROM THE AVERAGE fly 

Maximum Difference ~ 0.0151 in 0.055 = 0.0376 in 

6 (9. 1-5.1 ) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension ■ 0.0064 in 50% of the Average = 0.0032 in 

ALL GENERAL VALIDITY CHECKS ARE VALID 


GERALD W. BOICE -THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER PEI JKKAI . STATUTE." 
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Phone: (724) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Fax: (724) 537-3151 


Email: adimnSwnUr.com 


K It DETERMINATION (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO. : 3-67089 
P.O. NO. : F58154B I 
SPECIMEN : KC-H-H-3 
TESTLOG : T05264 
TEST DATE : 7/19/2013 
SPECIMEN MEASUREMENTS 
TOTAL THICKNESS (if) 0.752 in 

NET THICKNESS 0.575 in 

EFFECTIVE THICKNESS (B,) : 0.710 in 

WIDTH (*F) :1.500 m 

UNCRACKED LIGAMENT (/>„) : 0.732 in 
NOTCH LENGTH (a , ) : 0.689 in 

TEST PARAMETERS 

TEST TEMPERATURE :-20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CLIP GAGE : I0243952A 

CLIP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS 


MATERIAL : Steel 


WMT&R QUOTE ; QN12I622 REV.I 


SPECIFICATION : ASTM EIS20-1 1 
MODULUS : 3 1.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 see. 

CHRIS HICK INS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.753 in 

0.765 in 

0.770 in 

0.772 in 

0.772 in 

0.773 in 

0.771 in 

0.766 in 

0.758 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.759 in 

0.771 in 

0.776 in 

0.778 in 

0.778 in 

0.779 in 

0.777 in 

0.772 in 

0.764 in 


FATIGUE PRECRACKING SUMMARY 


STARTING P„,„ 

FINAL P m 
FINAL Knox 

TEST RESULTS 

CANDIDATE FORCE ( P Q ) 


1400 lb 
1213 tb 
13.21 ksi(in) K 

:2718.41b 
: 33.9 ksi(in) w 


R-RATIO (P, 
CYCLES 


, '/>«,) 


MAXIMUM FORCE (P, r .„) 
SPECIMEN STRENGT H RATIO 


: 0.1 

: 212701 


: 567 1.5 lb 
: 2 35 


VALIDITY CHECKS PER ASTM E1820-11 

1 . (7.4 2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK SI ARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, «/»T MUST BE BETWEEN 0.45 AND 0.55 

a/IF- 0.5121 

2. (A5.4.2) THF. RATIO PnaxiPg MUST BE < 1.10 

l J ma ,/P v - 2.0863 

3. (A5.4.3) THE QUANTITY 2.5 (Kg/ On) 1 , WHERE a n IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITLAL UNCRACKED LIGAMENT, ft 

2.5(Kg/CrsJ 2 = 0.8229 in />„ =0.7319 in 

4. (7 .4.5.2) FOR THE SECOND ST EP OF PRECRACKING THE K^ APPLIED TO THF. SPECIMEN SHALL BE LIMITED BY 

-0.6 (a rf' /an ) 'K e WHERE K F - K g 

K ^ Applied ~ 13.2 ksi(in) lfi A Limit - 50.8 ksi (in) 1 "' 


VALID 


INVALID 


INVAUD 


VALID 


TEST IS INVALID: K 0 = 33.9 ksi(in) 


i a 


j L-** /-■ t 

Gerald w. boice - thomas s. fedor 


"NOTE: THE RECORDING OF FALSE FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY' UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Phuiic: (724) 537-3131 


Testing Specialists for Aerospace, Automotive , and Nuclear Fields 

Fax: (724) 537-3151 


Email: admin@wmtr.com 


J-INTEGRAL TEST REPORT (ASTM El 820) 


PRELIMINARY INFORMATION 

CUSTOMER SOUTHWEST RESEARCH 
WMT&R NO. : 3-67089 
P.O. NO. : F58154BT 
SPECIMEN : KC-H-H-4 
TESTLOG : T05265 
TEST DATE: 7/19/2013 
SPECIMEN MEASUREMENTS 

TOTAI. THICKNESS ( B ) : 0.751 in 

NET THICKNESS (B N ) : 0.578 in 

EFFECTIVE THICKNESS (B e ) : 0.7 1 1 in 
WIDTH {fV) : 1.502 in 

UNCRACKED LIGAMENT ( b a ) 0.730 in 

NOTCH LENGTH (a„ ) : 0.693 in 

TEST PARAMETERS 

TEST TEMPERA TURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CLIP GAGE : 10243952 A 

CLIP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MATERIAL : Steel 


WMT&R QUOTE : QN 12 1622 REV. I 


SPECIFICATION ASTM F.l 820-11 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD S TRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71 
POISSON'S RA1 iO : 0 300 


5 ksi 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOI DTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

CHRIS HICKINS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1 /2 Point 

5/8 Point 

3 '4 Point 

7/8 Point 

Side 2 

0.764 in 

0.771 in 

0.778 in 

0.778 in 

0.777 in 

0.772 in 

0.770 in 

0.770 in 

0.762 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.768 in 

0.775 in 

0.782 in 

0.782 in 

0.781 in 

0.776 in 

0.774 in 

0.774 in 

0.766 in 


FINAL AVERAGE 
FINAL a/W 


FINAL P*. 
FINAL 


: 0 7761 in 
: 0.5167 

: 1245 lb 
: 13.66 ksifin) 1 -' 


R- RATIO {P„„ //>„„) 


PRECRACK AVERAGE : 0.7724 in 

PRECRACK s/W : 0.5142 

FATIGUE PRECRACKING SUMMARY 

STARTING P nuLX : 13891b 

CYCLES : 273904 

ORIGINAL CRACK 

PHYSICAL CRACK SIZE («„ ) :0.7724in 

EST. CRACK SIZE (a„ ) : 0.7757 in 

PERCENT DIFFERENCE : 0.43 % 

J c VALIDITY CHECKS PER ASTM E1820-1I 

1 . (7.4.2) THE CRACK SIZE (TOTAL AVERAGE I RNGT1I OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, a,' IV) SHALL BE BETWEEN 0.45 AND 0.70 

a/W =0.5142 

2. (A6.2.2) THICKNESS, 8 > \0G.l o l<r y 

H =0.7510 in 10a/ e /<7 r = 0.3361 in 

3. (A6.2.2) INITIAL LIGAMENT, 6„ > 10O/ s /(T r 

b„ =0.7296 in 100/ c /<7> = 0.3361 in 

4. (A6.2.2) CRACK EXTENSION, Aa p <0.008 + 7^/2 a, 

Aa p = 0.0037 in Limit “ 0.0096 in 

FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE MET 


: 0.1 


VALID 

VALID 

VALID 

VALID 


TEST IS VALID: J c = 240.29 in-lb/iiC 


K. lc = 90.47 ksl(in) 


1/2 


GERALD W. ROICE - THOMAS S. FEDOR 


"NOTE: T1IE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 
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Phone: (724) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Texting Specialists for Aerospace , Automotive, and Nuclear Fields 


fax:(724)537-3151 


Email: admin®wmtr.com 


GENERAL VALIDITY CHECKS (ASTM El 820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO. : 3-67089 

P.O. NO. : F58I54BT 

SPECIMEN : KC-H-ll-4 

TESTLOG : 105265 

TEST DATE : 7/19/2013 

SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (ft) : 0.75 1 in 

NET THICKNESS (B„) : 0.578 in 

EFFECTIVE THICKNESS (fl,) : 0.71 1 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20’F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CUP CAGE U0243952A 

CUP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS 


MATERIAL : Steel 


WMT&R QUO TE : QNI21622 REV.l 


WIDTH (W) 

UNCRACKED LIGAMENT (A, ) 
NOTCH LENGTH («,) 

MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


SPECIFICATION ASTM F.1 820-1 1 
MODULUS: 31.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59 0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 

: 1.502 in 
: 0.730 in 
: 0.693 in 


0.02 in/'min 
0 02 in/min 
0.02 in/min 
0.0005 in 
5.0 see. 

CHRIS HICKINS 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.764 in 

0.771 in 

0.778 in 

0.778 in 

0.777 in 

0.772 in 

0,770 in 

0.770 in 

0.762 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.768 in 

0.775 in 

0782 in 

0.782 in 

0.781 in 

0.776 in 

0.774 in 

0.774 in 

0.766 in 


PRECRACK AVERAGE 
PRECRACK a/W 


: 0.7724 in 
: 0.5142 


FINAL AVERAGE 
FINAL n IW 


FATIGUE PRF.CRACKINC SUMMARY 


: 0.7761 in 
: 0.5167 

: 12451b 
: 13.66 ksi(in) u 


R-RATIO (P„,„ n> m ) 


STARTING /V, : 1 389 lb FINAL P„, 

CYCLES 273904 FINAL 

TEST CURVE RESULTS 

MAXIMUM FORCE (P„„ ) : 5589.4 lb 

GENERAL VALIDITY CHECKS PER ASTM E1820-1 1 

1 . (7.4 5.1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS 
THAN 0 05S , AND NOT LESS THAN 0.05 IN. 

Extension « 0,0794 in 0.05# = 0.0376 in 

2 (7.4.5. 1 ) FOR THE FIRST STEP OF PRECRACKING THE MAXIMUM STRESS INTENSITY (A^) APPLIED TO THE 
SPECIMEN SHALL BE LIMITED BY K„„, - (a ,/ / a n T )(0.4<r K J , WHERE a K ‘ AND o rs ‘ ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied - 13.0 ksi(m) 1 '" K mnx Limit = 18.7 ks:( i in) i " ; 

3. (7.4.S.2) FOR THE SECOND STEP OF PRECRACKINO THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 


: 0.1 


- 0,6 (arf /e n T ) * A,.. WHERE K F = K JQ . K JQC . ORA^.,,, DEPENDING ON THE RESULT OF THE TEST 
A n Applied “ 1 3.7 ksifin) 1 ^ K m<lr Limit - 48.3 ksi(in) 10 

4. (9.1 .4. 1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN 
0.05B FROM THE AVERAGE «„ 

Maximum Difference = 0.0104 in 0.05# - 0.0376 in 

5. (9.1 .4.2) NONE OF THE NINO PHYSICAL MEASUREMENTS OF PINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE 
THAN 0.05# FROM THE AVERAGE a p 

Maximum Difference = 0.0104 in 0.05# =■ 0.0376 in 

6. (9 1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE 
AVERAGE CRACK EXTENSION 

Minimum Extension ■ 0.0037 in 50% of the Average = 0.0018 in 


VALID 


VALID 


VALID 


VALID 


VALID 


ALL GENERAL VALIDITY CHECKS ARE VALID 


/ ir .. krt — iTrrr 
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Phone: (724) 537-3131 


WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive, and Nuclear Fields 

Fax: (724) 537-3151 


Email: adnun®wmlr.com 


K lc DETERMINATION (ASTME1820) 


PRELIMIN ARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO. : 3-670ijy 
P.O. NO. : F58154BT 
SPECIMEN : KC-II-II-4 
TEST! 00 : T05265 
TEST DATE: 7/19/2013 
SPECIMEN MEASUREMENTS 


MATERIAL : Steel 


WMT&R QUOTE : QN121 622 REV. 1 


SPECIFICATION : ASTM E1820-1 1 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59,0 ksi 
EFFECTIVE YIELD STRENGi H : 71 5 ksi 
POISSON'S RATIO ; 0.300 


T OTAL THICKNESS (B) 
NETTHICKNESS (B K ) 
EFFECTIVE THICKNESS (S.) 
WIDTH (IF) 


0.751 in 
0.578 in 
0.71 1 in 
1.502 in 


UNCRACKED LIGAMENT (6„) 

0.730 in 



NOTCH LENGTH (a.) 

0.693 in 



TEST PARAMETERS 




TEST TEMPERATURE 

-20”F 

MAIN RAMP RATE 

0.02 in/min 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

0.02 in/min 

ORIENTATION 

L-C 

PARTIAL UN LOADING RATE 

0.02 in/min 

TEST MACHINE 

H235 

UNLOADING INTERVAL 

0.0005 in 

CUP GAGE 

10243952A 

HOLDTIME 

5.0 sec. 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

U2Poml 

5/8 Point 

3/4 Poinl 

7/8 Point 

Side 2 

0.764 in 

0.771 in 

0.778 in 

0.778 in 

0.777 in 

0.772 in 

0.770 in 

0.770 in 

0 762 in 


FINAL CRACK LENGTHS : 


Side 1 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Poim 

Side 2 

0.768 in 

0.775 in 

0.782 in 

0.782 in 

0.781 in 

0.776 in 

0.774 in 

0.774 in 

0.766 in 


FATIGUE PRECRACKING SUMMARY 


STAR UNO 
FINAL P^, 

FINAL 

TEST RESULTS 

CANDIDATE FORCE (P e ) 
K e 


13891b 
1245 lb 
13.66 ksi(in) 1 ' 


R-RATIO (F„ 
CYCLES 


/P-») 


: 0.1 

: 273904 


:2980.51b MAXIMUM FORCE ( :5589.41b 

: 37.3 ksi(in) 1/2 SPECIMEN STRENGTH RATIO : 2.33 

V ALIDITY CHECKS PER ASTM E1820-1 1 

1. (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK. a/W) MUST BE BETWEEN 0.45 AND 0.55 

a/W “ 0.5142 

2. (A5.4.2) THE RATIO P^/Pq MUST BES 1.10 

P^/P e - 1 8754 

3. (A5.4.3) THE QUANTITY 2.5 (K 0 /tr„) 1 , WHERE a IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS T HAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT. 4 

2.5(K q/ ays) •’ = 0.9979 in b 0 = 0.7296 in 

4. (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY 

= 0.6 (a yf / e ,/) *K f WHERE K/r = K v 

K Ka , Applied - 13.7 ksijin) 1 ^ Limil = 48.3 ksi(in) l, ' i 


VALID 


INVALID 


INVALID 


VALID 


TEST IS INVALID: Kq = 37.3 ksi(in) 


1/2 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: adinin@wmtr.com 

J-TNTEGRAL TEST REPORT (ASTM E1820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO. : 3-67089 MATERIAL : Steel 

P.O. NO. : F58154BT 

SID : KC-H-W- 1 WMT&R QUOTE : QNI21622 REV. I 

TESTLOO : 105266 
TEST DATE: 7/14/2013 


SPECIFICATION : ASTM E1S20-1 1 
MODULUS: 31.12 Msi 
ULTIMATE STRENGTH : 70.3 ksi 
YIELD STRENGTH : 52.2 ksi 
EFFECTIVE YIELD STRENGTH 65.8 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (8) : 0.749 in 

NET THICKNESS (By) : 0 578 in 

EFFECTIVE THICKNESS 0/) ; 0.7 1 0 in 

WIDTH (IF) : 1.499 in 

UNCKACKED LIGAMENT (6„ ) : 0.734 in 
NOTCH LENGTH (e„ ) : 0.692 in 


TEST TEMPERATURE 
TEST TYPE 
ORIENTATION 
TEST MACHINE 
CLIP GAGE 

CLIP GAGE LOCATION 


TEST PARAMETERS 

75°F MAIN RAMP RATE 

CT PARTIAL LOADING RATE 

L-C PARTIAL UNLOADING RATE 

H3 UNLOADING INTERVAL 

E8I919 HOLDTIME 

LOAD LINE OPERATOR 


0.02 in/min 
0.02 ia'min 
0.02 ia'min 
0.0015 in 
5.0 sec 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK. LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.797 in 

0.782 in 

0.756 ir 

0.742 in 

0.749 in 

0.762 in 

0.767 in 

0.770 in 

0.788 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.859 in 

0.797 in 

0.776 in 

0.768 in 

0.770 in 

0.821 in 

0.859 in 

0.866 in 

0.892 in 


PRECRACK AVERAGE : 0.7651 in 

PRECRACK a/W : 0.5104 

FATIGUE PRECRACKING SUMMARY 

STARTING :13841b 

CYCLES : 434306 


FINAL AVERAGE 
FINAL a/W 

FINAL P mM 
FINAL K„ m 


; 0.8166 in 
: 0.5447 

: 1233 lb R-RATIO (/>„„„ /f„| : 0. 1 

: 13.41 ksi (in)" 2 


ORIGINAL CRACK 


FINAL CRACK 


MODULUS 

PHYSICAL CRACK SIZE («„) 

: 0.7651 in 

PHYSICAL CRACK SIZE (a, ) 

: 0.8166 in 

MODULUS 

EST. CRACK SIZE (a^ ) 

: 0.7651 in 

EST. CRACK SIZE (a^ w ) 

: 0.8208 in 

EFFECTIVE MODULUS 

PERCENT DIFFERENCE 

: 0.00% 

PERCENT DIFFERENCE 

: 0.52 % 

PERCENT DIFFERENCE 


VALIDITY CHECKS PER ASTM E1820-11 

I (7 4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS 
THE FATIGUE CRACK, wW) SHALL BE BETWEEN 0.45 AND 0.70 


: 31.12 Msi 
: 31.12 Msi 
: 0.00 % 


VALID 


a/W =0.5104 


2. (9. 1.5.2) DIFFERENCE BETWEEN PREDICTED (Aa AND MEASURED (Ac, ) CRACK EXTENSION SHALL 

NOT EXCEED 0.15 Aa, FOR CRACK EXTENSIONS LESS THAN 0.2 b u AND 0.03 b 0 THEREAFTER 

Difference - 0.0042 in 0 I5A«, “0.0077 in 

3. (A9.7.2.1)e„, SHALL NOT DIFFER FROM a, BY MORE THAN THE LARGER OF 0.01 IFOR 0.0197 IN. 

Difference - 0.0000 in Limit - 0.0197 in 

4. (A9.7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE tfe, SHALL BE > 8; NUMBER OF DATA BETWEEN 
0 AJq AND J e SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 

o Points - 14 Date Points - 4 C.C. = 0-99562 

5. (A9.7.QPOWF.R COEFFICIENT C. SHALL BE LESS THAN 1.0 

Cj “0.4917 

6. (A9.8.1 ) THICKNESS, B > 107 p/ay 

6 = 0.7490 in 107^/(7, -0.0487 in 

7. (A9.8.2) INITIAL LIGAMENT, 6„ > IOJq/o, 

6. =0.7339 m l0J e /o,- 0.0487 in 

8. (A9.6.6.6) AT LEAST FIVE DATA POINTS MUS I REMAIN BETWEEN cu, AND a llmI , AND J„ M 

Data Points * 8 


VALID 

valid 

VALID 

VALID 

VALID 

VALID 

VALID 


9. (A9.6.4) AT LEAST ONE J-Au POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in OFFSET LINE. 
AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.02-in OFFSET LINE AND THE 0.06-in EXCLUSION LINE. 


VALID 


TEST IS INVALID: J Q = 320.30 in-lb/in 2 
K, g = 104.66 ksi(in) 


jL 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Testing Specialists for Aerospace, Automotive, and Nuclear Fields 

Phone: (724) 537-3131 Fax: (724) 537-3151 Email: admin@vvmtr.com 

GENERAL VALIDITY CHECKS (ASTM E1820) 

PRELIMINARY INFORMATION 


CUS TOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO. : 3-67089 MATERIAL : Steel 

P.O. NO. :F58154BT 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.12 Msi 
ULTIMATE S TRENGTH : 79.3 ksi 


SID : KC-H-W-1 
TESTLOG : T05266 
TEST DATE : 7/14/20 1 3 


WMT&R QUOTE : QNI21622 REV.l 


YIELD STRENGTH : 52.2 ksi 
EFFECTIVE YIELD STRENGTH : 65.8 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS ( D ) : 0.749 in 

NET THICKNESS (if*) : 0.578 in 

EFFECTIVE THICKNESS (5 , ) : 0.710 in 

TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CUP GAGE : E81919 

CLIP GAGE LOCATION : LO A D LINE 


WIDTH (JP) : 1.499 in 

UNCRACKED LIGAMENT ( b 0 ) : 0 734 in 

NOTCH LENGTH (a„) : 0 692 in 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0015 in 
5.0 sec. 

CHRIS HICKJNS 


PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 
0.770 in 

Side 2 

0.797 in 

0.782 in 

0.756 in 

0.742 in 

0.749 in 

0.762 in 

0.767 in 

0.788 in 


FINAL CRACK LENGTHS : 


Side 1 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.859 in 

0.797 in 

0.776 in 

0.768 in 

0.770 in 

0.82 L in 

0.859 in 

0.866 in 

0.892 in 


PRECRACK AVERAGE : 0.7651 m FINAL AVERAGE : 0.8166 in 

PRECRACK a/W : 0.5104 FINAL a/W : 0.5447 


FATIGUE PRECRACKING SUMMARY 

STARTING :13841b FINAL P max :12331b R-RATIO (P^ /P^) :0.1 

CYCLES : 434306 FINAL : 13.41 ksi(in) I/2 

TEST CURVE RESULTS 

MAXIMUM FORCE (P„„) : 8498.4 lb 

GENERAL VALIDITY CHECKS PER ASTM E1820-U 

1 . (7 .4.5.1 ) LENGTH OF THE FATIGUE PRECRACK. EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 
THAN 0.053, AND NOT LESS THAN 0.05 IN. 

Extension * 0.0731 in 0.055 - 0.0375 in 

2. (7.4.5. 1) FOR THE FIRST STEP OF PRECRACKING, THE MAXIMUM STRESS INTENSITY (A^) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY "(W / o )(0.4a K ’ kstitry , WHERE AND ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied = 13.0 ksi(in)' n K „„ Limit - 20.9 ksi(in) la 

3 (7 4.5.2) FOR THE SECOND STEP OF PRECRACKING, TIIE APPLIED TO THE SPECIMEN SHALT, BF. LIMITED BY VALID 

K,„„ - 0.6 (o n 1 / a r / ) *K r . WHERE K f = K jq , Kjqc. QKK jq ,,. DEPENDING ON THE RESULT OF THE TEST 
Kma, Applied = 13.4 ksi(m)‘“ K Limit = 62.8 ksi(in) ia 

4. (9.1 4.1 ) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.0531 FROM THE AVERAGE a„ 

Maximum Difference = 0.0319 in 0.055 = 0.0375 in 

5. (9.1 .4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE INVALID 

THAN 0.055 FROM THE AVERAGE a p 

Maximum Difference - 0.0754 in 0.055 - 0.0375 in 

6. (9.1 .5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF TIIE INVALID 

AVERAGE CRACK EXTENSION 

Minimum Extension = 0.0150 in 50% of the Average - 0.0258 in 

ALL GENERAL VALIDITY CHECKS ARE NOT VALID 


GERALD W. BOICE - THOM AS S. FEDOR 

"NOTE: THE RECORDING OF FALSE, FICTITIOUS. OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BF. PUNISHABLE AS A 

PHI jONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 
Phone: (724) 537-3131 Fax:(724)537-3151 Email: admin@wmtr.com 

K lc DETERMINATION (A STM E1820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO. : 3-67089 MATERIAL : Steel 

P.O. NO. : F58154BT 

SID : KC-H-W-I WMT&R QUOTE : QN121622 REV.l 

TESTLOG : T05266 
TEST DATE : 7/14/2013 


SPECIFICATION : ASTM EI820-1 1 
MODULUS : 31.12 Msi 
ULTIMATE STRENGTH : 79.3 ksi 
YIELD STRENGTH : 52.2 ksi 
EFFECTIVE YIELD STRENGTH 65.8 ksi 
POISSON’S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS ( B ) : 0.749 in 

NET THICKNESS (5*) : 0.578 in 

EFFECTIVE THICKNESS ( B t ) 0.710 in 

WIDTH (IV) 1.499 in 

UNCRACKED LIGAMENT (b 0 ) 0.734 in 

NOTCH LENGTH (c a ) : 0.692 in 


TEST PARAMETERS 

TEST TEMPERATURE : ?5*F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CLIP GAGE : E8I919 

CLIP GAGE LOCATION : LOAD LINE 


PHYSICAL CRACK LENGTHS 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0015 in 
5.0 see. 

CHRIS HICKINS 


PRECRACK LENGTHS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.797 in 

0.782 in 

0.756 in 

0.742 in 

0.749 in 

0.762 in 

0.767 in 

0.770 in 

0.788 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.859 in 

0.797 in 

0.776 in 

0.768 in 

0.770 in 

0.821 in 

0.859 in 

0,866 in 

0.892 in 


PRECRACK AVERAGE : 0.7651 in FINAL AVERAGE :0.8166 m 

PRECRACKa/W : 0.5104 FINAL a'W : 0.5447 


FATIGUE PRECRACKING SUMMARY 

STARTING P mBJl :13841b 

FINAL P m : 1233 lb 

FINAL K,„ : 13.41 ksKin) 1 ' 1 

TEST RESULTS 

CANDIDATE FORCE (P Q ) :5324.31b 

Kq : 65.9 ksi(in) , ' ,2 


R-RATIO (/>„„-„ : 0.1 

CYCLES : 434306 


MAXIMUM FORCE (R„„) : 8498.4 lb 

SPECIMEN STRENGTH RATIO : 3.94 


VALIDITY CHECKS PER ASTM El 820-1 1 

1 . (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE VALID 

FATIGUE CRACK, a iW) MUST BE BETWEEN 0.45 AND 0.55 


a.'W = 0.5104 

2. (A5.4.2) THE RATIO P^/Pq MUST BE < 1.10 INVALID 

P^/P e - 1-5962 

3. (A54.3)THEQU.ANTlTY2.5(X e /«r ra ; J , WHEREff ra IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT. ( j 

2. S ( K e /„„) 3 - 3.9887 in b a =0.7339 in 

4. (7.4 5.2) FOR THE SECOND STEP OF PRECRACKING. T HE APPLIED TO THE SPECIMEN SHALL DE LIMITED BY VALID 

K„„ - 0,6 (a n ‘ /o n ‘) * WHERE K r =K V 

A' ^ Applied = 1 3.4 ksi(in) i,:1 Limit = 39.6 ksi(in) i,;I 


TEST IS INVALID: Kq = 65.9 ksi(in) 1 ' 2 

GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FAISE, HC1THOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON T1 IIS DOCUMENT MAY BE PUNISHABLE AS A 

FEIDNY UNDER FEDERAL STATUTE." 
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Westmoreland Mechanical Testing & Research, Inc 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 


Phone: (724) 537-3131 


Fax(724)537-3151 


Email: adimn@wmlr.com 


(-INTEGRAL TEST REPORT (ASTM EI820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 


SPECIFICATION : ASTM El 820-1 1 


WMT&R NO : 3-67089 


MATERIAL : Steel 


MODULUS : 30.81 Msi 


P O. NO F58I54BT 





ULTIMATE STRENGTH : 79.3 kss 


SID : KC-H-W-2 



WMT&R QUOTE : QN121622 REV.l 

YIELD STRENGTH : 52.2 ksi 


TESTLOG : T05267 





EFFECTIVE YIELD STRENGTH : 

65.8 ksi 

TEST DATE : 7/14/2013 





POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 



TEST PARAMETERS 



TOTAL THICKNESS (ff) 

0.752 in 

TEST TEMPERATURE 

75°F 

MAIN RAMP RATE 

0.02 in/min 

NET THICKNESS (B N ) 

0.567 in 

TEST TYPE 


CT 

PARTIAL LOADING RATE 

0.02 in/min 

EFFECTIVE THICKNESS (. B e ) 

0.706 in 

ORIENTATION 


L-C 

PARTIAL UNLOADING RATE 

0.02 in/min 

WIDTH (W) 


1.501 in 

TEST MACHINE 

H3 

UNLOADING INTERVAL 

0.001 in 

UNCRACKED LIGAMENT ( b 0 ) 

0.731 in 

CLIP GAGE 


1281 91 9 

HOLDTTME 


5.0 sec. 

NOTCH LENGTH (a.) 

0.692 in 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 


CHRIS inCKINS 

PHYSICAL CRACK LENGTHS 







PRECRACK LENGTHS : 









Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 


0.806 in 

0.807 in 

0.769 in 

0.775 in 

0.774 in 

0.743 in 

0.760 in 

0.743 in 

0.774 in 

FINAL CRACK LENGTHS : 









Side 1 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 


0.869 in 

0.865 in 

0.813 in 

0.792 in 

0.797 in 

0.780 in 

0.796 in 

0.805 in 

0.806 in 

PRECRACK AVERAGE 

0.7701 in 

FINAL AVERAGE 

0.8107 in 




PRECRACK a/W 


•0.5131 

FINAL a/W 


0.5401 




FATIGUE PRECRACKING SUMMARY 







STARTING P m „ 


1390 lb 

FINAL 


1241 1b 

R-RATIO (/>,„, /f_) 

0.1 

CYCLES 


6291 1 1 

FINAL Km 


13.55 ksi(in) 1/2 




ORIGINAL CRACK 


FINAL CRACK 


MODULUS 



PHYSICAL CRACK SIZE (« u ) 

0.7701 in 

PHYSICAL CRACK SIZE (a,) 

0.8107 in 

MODULUS 


30.81 Msi 

EST. CRACK SIZE (a 

0.7701 in 

EST. CRACK SIZE (a ) 

0.8165 in 

EFFECTIVE MODULUS 

30.81 Msi 

PERCENT DIFFERENCE 

0.00 % 

PERCENT DIFFERENCE 

0.72 % 

PERCENT DIFFERENCE 

0.01 % 


VALIDITY CHECKS PER ASTM El 820- 11 

1 . (7.4.2) THE FATIGUE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURA TION FLUS 
THE FATIGUE CRACK. a/W) SHALL BE BETWEEN 0.45 AND 0.70 

a/W =0.5131 

2. (9.1. 5.2) DIFFERENCE BETWEEN PREDICTED .AND MEASURED (A a f ) CRACK EXTENSION SHALL 


VALID 


Difference = 0.0058 in O.lSAa^ =0.0061 in 

. (A9.7.2.1) SHALL NOT DIFFER FROM a v BY MORE THAN THE LARGER OF 0.01 W OR 0.0197 IN. 

Difference = 0.0000 in Limit = 0.01 97 in 

(A 9 7.2.2) NUMBER OF DATA AVAILABLE TO CALCULATE a» H SHALL BE > 8; NUMBER OF DATA BETWEEN 
0.4 / Q AND J Q SHALL BE > 3; CORRELATION COEFFICIENT OF THE LEAST SQUARES FIT SHALL BE > 0.96 
a ^ Points « 22 Data Points = 8 C.C. * 0.99698 

(A9 7. 1) POWER COEFFICIENT C 2 SHALL BE LESS THAN 1 0 
C 2 - 0.3967 


6 (A9 8.1) THICKNESS, R > l0J v /a r 
B =0.7520 in 

7. (A9.8.2) INITIAL LIGAMENT, b v > 10 J Q io 
b„ - 0.7309 in 


10 J q/ g y — 0-0848 in 


l0Jy/a r =0.0848 in 

(A9.66.6) AT LEAST FIVE DATA POINTS MUST REMAIN BETWEEN u, niu AND u liwU AND J limll 
Data Points = 8 

(A9.G.4) AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.006-in EXCLUSION LINE AND A 0.02-in GFFSfc I' LINE. 
AT LEAST ONE J-Aa POINT SHALL LIE BETWEEN THE 0.02-in OFFSET LINE AND THE 0.06-in EXCLUSION LINE 

2 


VALID 


VALID 


VALID 


VALID 


VALID 


VALID 


TEST IS INVALID: J Q = 557.54 in-lb/iiT 
K jq = 137.39 ksi(in) 


1/2 


jdq ^ i ‘ >■ 

GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE., FICTITIOUS, OK FRAUDULENT STATEMENT OK ENTRIES ON 1H1S DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace, Automotive, and Nuclear Fields 


Phone: (724) 537-3131 


Fax: (724) 537-3151 

Email: adiuin@wmtr.coin 

GENERAL VALIDITY CHECKS (ASTM El 820) 

PRELIMINARY INFORMATION 



CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

SPECIFICATION : ASTM E1820-11 

WMT&R NO. : 3-67089 


MA TERIAL : Steel 

MODULUS : 30.81 Msi 

P.O. NO. : F58154BT 



ULTIMATE S TRENGTH : 79.3 ksi 

SID : KC-H-W-2 


WMT&R QUOTE : QN121622 REV.l 

YIELD STRENGTH : 52.2 ksi 

TESTLOG : T05267 



EFFECTIVE YIELD STRENGTH : 65.8 ksi 

TEST DAT* : 7/14/2013 


POISSON'S RATIO : 0.300 

SPECIMEN MEASUREMENTS 



TOTAL THICKNESS (B) 

0.752 in 

WIDTH (IV) 

1. 50 1 in 

NET THICKNESS (5 *■) 

0.567 in 

UNCRACKED LIGAMENT ( b 0 ) 

0.731 in 

EFFECTIVE THICKNESS (5,) 

0.706 in 

NOTCH LENGTH (a m ) 

0.692 in 

TEST PARAMETERS 




TEST TEMPERATURE 

75°r 

MAIN RAMP RATE 

0.02 in/min 

TEST TYPE 

CT 

PARTIAL LOADING RATE 

0.02 in/min 

ORIENTATION 

L-C 

PARTIAL UNLOADING RATE 

0.02 in/min 

TEST MACHINE 

H3 

UNLOADING INTERVAL 

0.001 in 

CLIP GAGE 

E81919 

HOLDTIME 

5.0 sec. 

CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 

CHRIS IIICKINS 

PHYSICAL CRACK LENGTHS 




PRECRACK LENGTHS : 


Side 1 

1/8 Point 

U4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.806 in 

0.807 in 

0.769 in 

0.775 in 

0.774 in 

0.743 in 

0.760 in 

0.743 in 

0.774 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3'8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.869 in 

0.865 in 

0.813 in 

0.792 in 

0.797 in 

0.780 in 

0.796 in 

0.805 in 

0.806 in 

PRECRACK AVERAGE 

: 0.7701 in 

FINAL AVERAGE 

0.8107 in 




PRECRACK a/W 


0.5131 

FINAL a/W 


: 0.5401 




TIGUE PJRECRACKING SUMMARY 







STARTING P,„ 


: 1390 lb 

FINAL 


: 1241 lb 

R-RATIO (Puu,, /P mM ) 

: 0.1 

CYCLES 


: 6291 1 1 

FINAL K mr „ 


: 13.55 ksi(in) 1 ' 1 





TEST CURVE RESULTS 

MAXIMUM FORCE ) : 9355.1 lb 

GENERAL VALIDITY CHECKS PER ASTM E1820-U 

1 (7.4.51) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 

THAN 0.055 , AND NOT LESS THAN 0.05 IN. 

Extension = 0.07S1 in 0.055 w 0.0376 in 

2. (7.4.5. 1 ) FOR TI IE FIRST STEP OF PRECRACKING, THE M AXIMUM STRESS INTENSITY (K,„, ) APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY - (a n ’ / a K ‘ )(p 4a n ‘ ksNin) , WHERE a AND»/ ARE THE MATERIAL 

YIELD STRESSES AT T HE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

A'pwa Applied = 13.0 ksi(m)‘" K m Limit - 20.9 ksi(in) ia 

3. (7.4.5 2) FOR THE SECOND STEP OF PRECRACKING, THE K„ x APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

K mxA = 0 6 (Oyf ton ) ’K f WHERE Kr - K JQ , K JQC . OR Kjq,, DF.PF.NDING ON THE RESULT OF THE TEST 

Applied « 13.6 ks;(in) r ' K Limit = 82.4 ksi(iii) 1 ^ 

4. (9.1.4 1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.055 FROM THE AVERAGE a 0 


Maximum Difference = 0.0369 in 0.055 = 0.0376 in 

5. (9. 1 .4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALl , DIFFER BY MORE INVALID 

THAN 0.055 FROM THE AVERAGE a p 

Maximum Difference = 0.0583 in 0.055 = 0.0376 in 


6. (9. 1. 5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE INVALID 

AVERAGE CRACK EXTENSION 

Minimum Extension - 0.01 70 in 50% of the Average = 0.0203 in 

ALL GENERAL VALIDITY CHECKS ARE NOT VALID 


GERALD W. BOICE - THOMAS S. FEDOR 

"NOTE: THE RECORDING OF FALSE. FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMH.VI MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE" 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 


Phone: (724) 537-3131 


Testing Specialists for Aerospace, Automotive , ami Nuclear Fields 

Fax: (724) 537-3151 


Email: admin&'wm tr.com 


K lc DETERMINATION (ASTM E1820) 


PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH INSTITUTE 

WMT&R NO. : 3-67089 MATERIAL : Steel 

P.O. NO. : F58154BT 


SPECIFICATION : ASTM El 820- 1 1 

MODULUS : 30.81 Msi 

ULT IMATE STRENGTH : 79.3 ksi 


SID : KC-H-W-2 WMT&R QUOTE : QN12I 622 REV 1 

TESTLOG : T05267 
TEST DATE : 7/14/2013 


YIELD STRENGTH : 52.2 ksi 
EFFECTIVE YIELD STRENGTH : 65.8 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) 0.752 in 

NET THICKNESS (B N ) : 0.567 in 

EFFECTIVE THICKNESS ( B e ) : 0.706 in 

WIDTH (W) : 1.501 in 

UNCRACKED LIGAMENT {b 0 ) : 0.73 1 in 
NOTCH LENGTH (a n ) : 0.692 in 


TEST PARAMETERS 

TEST TEMPERATURE : 75°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H3 

CLIP GAGE : E8I919 

CLIP GAGE LOCATION : LOAD LINE 


MAIN RAMP RATE 

PAR ! LAL LOADING RA TE 

PARTIAL UNLOADING RATE 

UNLOADING INTERVAL 

HOLDTIME 

OPERATOR 


0.02 in/mi n 
0.02 in/min 
0.02 in/min 
0.001 in 
5.0 sec. 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side I 

l /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5'S Point 

3/4 Point 

7/8 Point Side 2 

0.806 in 

0.807 in 

0.769 in 

0.775 in 

0.774 in 

0.743 in 

0.760 in 

0.743 in 0.774 in 

FINAL CRACK LENGTHS : 

Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point Side 2 

0.869 in 

0.865 in 

0.813 in 

0.792 in 

0.797 in 

0.780 in 

0.796 in 

0 805 in 0.806 in 

PRECRACK AVERAGE 
PRECRACK a/W 

: 0.7701 in FINAL AVERAGE : 0 8107 in 

: 0.5131 FINAL a/W : 0.5401 


FATIGUE PRECRACKLNG SUMMARY 

STARTING P max : 13901b 

FINAL : 12411b 

FINAL : 13.55 ksl(in)*' 2 

TEST RESULTS 

CANDIDATE FORCE <P Q ) : 5944.6 lb 

K q : 74.S ksi(in) 1 " 


R-RATiO (P^, :0.1 

CYCLES : 62911! 


MAXIMUM FORCE (P^) . 9355.1 lb 

SPECIMEN STRENGTH RATIO 4.46 


VALIDITY CHECKS PER ASTM E1820-11 

1 . (7.4 -2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, a/W) MUST BE BETWEEN 0.45 AND 0.55 
a/W = 0.5131 

2 (A5.4.2) THE RATIO MUST BE < 1.10 

P^/Pg = 1.5737 

3. (A5.4.3) THE QUANTITY 2.5 (Kg/ays) 3 . WHERE o B IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, 4 

2.$(K a /(Trs) 2 = 5 .1282 in b „ * 0.7309 in 

4. (7 4.5.2) FOR THE SECOND STEP OF PRECRACKING, THE K mv APPLIED TO THE SPECIMEN SHALL BE LIMI I ED BY 

= 0.6(o^ /<*„') *K, WHERE*, =K q 

Applied* I3.6ksi(in)'“ K IIUIX Limit* 44.9 lcsi(in) 1 ' 2 


VALID 


INVALID 

INVALID 


VALID 


TEST IS INVALID: K Q = 74.8 ksi(in) 12 


— — J t—" ^ ~ 

GERALD W. BOICE - THOMAS S. FEDOR 


"NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATF.MFNTS OR ENTRIES ON IH1S DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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J-JUSTEGRAL TEST REPORT (ASTM E1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO. : 3-67089 
P.O. NO. : F58154DT 
SPECIMEN : KC-H-W-3 
TESTLOG : T05268 
TEST DATE: 7/18/2013 
SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (B) : 0.747 in 

NET THICKNESS (D») : 0.581 in 

EFFECTIVE THICKNESS ( B ,) : 0.710 in 

WIDTH {W) : 1.502 in 

UNCRACKFD LIGAMENT ( b 0 ) : 0.699 in 
NOTCH LENGTH (a„) : 0.693 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CUP GAGE : 10243952 A 

CUP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MATERIAL : Steel 


WMT&R QUOTE : QN 12 1622 REV.l 


SPECIFICATION : ASTM El 820-1 1 
MODULUS : 31.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71 
POISSON’S RATIO : 0.300 


5 ksi 


MAIN RAMP RATE 
PARTIAL I jOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 sec. 

CHRIS HICK INS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.792 in 

0.822 in 

0.830 in 

0.790 in 

0.776 in 

0.800 in 

0.796 in 

0.824 in 

0.786 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/S Point 

Side 2 

0.795 in 

0.825 in 

0.833 in 

0.793 in 

0.779 in 

0.803 in 

0.799 in 

0.827 in 

0.789 in 


PRECRACK AVERAGE 
PRECRACK a/W 


FINAL AVERAGE 
FINAL a/W 


FINAL P* 
FINAL A' 


: 0.8064 in 
: 0.5369 

: 1236 lb 
: 14.58 ksi(in) 1 '- 


R-RATIO / P„„) 


: 0.8034 in 
: 0.5349 

FATIGUE FRECRACKlTvG SUMMARY 

STARTING : 13811b 

CYCLES : 751214 

ORIGINAL CRACK 

PHYSICAL CRACK SIZE («„ ) : 0.8034 in 

EST. CRACK SIZE (o „ ) : 0.8024 in 

PERCENT DIFFERENCE : 0.12 % 

J c VALIDITY CHECKS PER ASTM E1820-1 1 

1 (7.4 2) THE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, a/W) SHALL BE BETWEEN 0.45 AND 0.70 
aJW = 0.5349 

2. (A6.2.2) THICKNESS, B > 100. l Q i<r t 

B =0.7470 in l00J e /cr r = 0.3512 in 

3. (A6.2.2) 1NITLAL LIGAMENT, b„ > IOO/ ff 'CT r 

b„ =0.6986 in \OOJ e /<T r =0.3512 in 

4. (A6.2.2) CRACK EXTENSION, Aa p <8.008 +J a /2a y 

= 0.0030 in Limit - 0.0096 in 

FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE MET 


: 0.1 


VALID 

VALID 

VALID 

VALID 


TEST IS VALID: J c = 251.11 in-lb/iT 


K Jc = 92.49 ksi(in) 


1/2 
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GENERAL V ALIDITY CHECKS (ASTM £1820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO. : 3-67089 

P.O. NO. : F58154BT 

SPECIMEN : KC-H-W-3 

TESTLOG : T05268 

TEST DATE : 7/18/2013 

SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (5) 

NET THICKNESS (B s ) 
EFFECTIVE THICKNESS (* r ) 


0.747 in 
0.581 in 
0.710 in 


MATERIAL : Steel 

WMT&R QUOTE : QN121622 REV.l 


WIDTH (W) 

UNCRACKED LIGAMENT (Z» u ) 
NOTCH LENGTH (a n ) 


SPECIFICATION : ASTM El 820-11 
MODULUS : 31.00 Msi 
ULTIMATE S TRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON’S RATIO : 0 300 

1.502 in 
0.699 in 
0.693 in 


TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : 11235 

CLIP GAGE : 10243952A 

CLIP GAGE LOCATION : LOAD LINE 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTLVL UNLOADING RATE 
UNLOADING INTERVAL 


0.02 in/rnin 
0.02 in/trnn 
0.02 in/mui 
0.0005 in 


HOLDTIME 

OPERATOR 


5.0 sec. 

CHRIS HICKINS 


PHYSICAL CRACK LENGTHS 


PRECRACK LENGTHS : 


Side 1 

1 /8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.792 in 

0.822 in 

0.830 in 

0.790 in 

0.776 in 

0.800 in 

0.796 in 

0.824 in 

0.786 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Paint 

Side 2 

0.795 in 

0.825 in 

0.833 in 

0.793 in 

0.779 in 

0.803 in 

0.799 in 

0.827 in 

0.789 in 

PRECRACK AVERAGE 

r 0.8034 in 

FINAL AVERAGE 


: 0.8064 in 




PRECRACK a/W 


: 0.5349 

FINAL a/W 


: 0.5369 





FATIGUE PRECRACKING SUMMARY 

STARTING P m!a :13811b UNAL :12361b R-RATIO (/ J «„ f-P^) :0.1 

CYCLES : 751214 FINAL : 14.58 ksi(in) 1 ' 2 

TEST CURVE RESULTS 

MAXIMUM FORCE 52143! lb 

GENERAL VALIDITY CHECKS PER ASTM El 820-1 1 

1. (7.4.5 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT RF LESS VALID 

THAN 0.05 B , AND NOT LESS THAN 0.05 IN. 

Extension = 0. 1 1 04 in 0.055 * 0.0374 in 

2. (7.4.5. 1) FOR THE FIRS'I ST EP OF PRECRACKING THE MAXIMUM STRESS INTENSITY ) APPLIED TO T HE VALID 

SPECIMEN SHALL BE LIMITED BY -(ej V.4o,/ ksNin) , WHERE MtOa„ r ARE THE MATERIAL 

YIELD STRESSES AT THE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

K Applied - 13.0 ksi(in) 1 ' 2 A'„„ Limit = 18.7 ksi{in/'‘ 

3. (7.4.5.2) FOR THE SECOND STEP OF PRECRACKING THE K„ APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

A' =0.6(a„ ; /ars'j *A> WHERE K? “ Kjq, K jqc. ORK JQy . DEPENDING ON TI1E RESULT OF THE TEST 

A'„ Applied - 14.6 ksi(in) 1 " Limit - 49.4 tai(in)'' 2 

4 (9.I.4.1)N0NE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.05# FROM THE AVERAGE <i„ 

Maxi tun m Difference = 0.0274 in 0.055 = 0.0374 in 

5 (9. 1.4.2) NONE OF THE. NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VAUD 

I HAN 0.05* FROM THE AVERAGE a p 

Maximum Difference - 0.0274 in 0.05* m 0.0374 in 

6. (9.1 .5.1 ) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 


Minimum Extension * 0.0030 in 


50% of the Average = 0.0015 in 


ALL GENERAL VALIDITY CHECKS ARE VALID 
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K lc DETERMINATION (ASTM El 820) 


PRELIMINARY IN FORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&RNO. : 3-67089 
P.O. NO. : F58154BT 
SPECIMEN : KC-H-W-3 
TESTLOG : T05268 
TEST DATE : 7/1 8/2013 
SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (fl) : 0.747 in 

NET THICKNESS («,„ ) : 0.58 1 in 

EFFECTIVE THICKNESS (B t ) : 0.710 in 

WIDTH (IF) : 1.302 in 

UNCRACKED LIGAMENT (6, ) : 0.699 in 
NOTCH LENGTH {a,) : 0 693 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20"F 

TEST TYPE : CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CLIP GAGE : 10243952A 

CLIP GAGE LOCATION LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MATERIAL : Steel 

WMT&R QUOTE : QNI21622 REV.l 


SPECIFICA 1 ION : ASTM E1820-1 1 
MODULUS: 31.00 Msi 
ULTIMATE STRENGTH : 84 0 ksi 
YIELD STRENGTH : 59.0 test 
EFFECTIVE YIELD STRENGT H : 71.5 ksi 
POISSON'S RATIO : 0.300 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 In/min 
0.02 in/rrin 
0.0005 in 
5.0 sec. 

CHRIS HICKINS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.792 in 

0.822 in 

0.330 in 

0.790 in 

0.776 in 

0.800 in 

0.796 in 

0.824 in 

0.786 in 


FINAL CRACK LENGTHS . 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.795 in 

0.825 in 

0.833 in 

0.793 in 

0.779 in 

0.803 in 

0.799 in 

0.827 in 

0.789 in 


FATIGUE PRECRACKING SUMMARY 


STARTING 
FINAL />„„ 

FINAL 

TEST RESULTS 

CANDIDATE FORCE (P e ) 


1381 lb 
12361b 
14.58 ksi(in) ,,: 


R-RATIO <P„ 
CYCLES 




: 0.1 

: 751214 


Kc 


:6214.2 lb 
: 2.83 


: 4828.8 lb MAXIMUM FORCE (. P W4U ) 

: 64.6 ksi(in) w SPECIMEN STRENCTI I RATIO 

VALIDITY CHECKS PER ASTM El 820- 1 1 

1 . (7.4.2) CRACK SIZE (TOTAL AVERAGE LENGTH Oh 1 HE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, a/W) MUST DE BETWEEN 0 45 AND 0.55 

a/W - 0.5349 

2. (A5.4.2) THE RATIO P^/Pq MUST BE < 1. 10 

P mar/P Q = 1.2869 

3. (A 5. 4.3) THE QUANT! I Y 2.5 (K Q /a ys ) 2 . WHERE cr ra IS THE 02% OFFSET YIELD STRENGTH IN TENSION, 
MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKED LIGAMENT, & 

2.5(K v /ars) 2 ~ 2.9950 in b p = 0.6986 in 

4. (7. 4.5.2) FOR THE SECOND STEP OF PRECRACKING THE K, 


r .APPLIED TO THE SPECIMEN SHALT. BF. LIMITED BY 


VALID 

INVALID 

INVALID 

VALID 


0.6 {a K J /ays' ) * K P< WHERE K F - 
K max Applied = 14.6 ksi{in) l/; 


K mat Limit = 49.4 ksi(in) ,ri 


TEST IS INVALID: K Q = 64.6 ksi(in) 


1/2 


— hzL-/ 

GERALD W. BOICE - THOMAS S. FEDOR 
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J-INTEGRAL TEST REPORT (ASTM El 820) 


PRELIMINARY INFORMATION 

CUSTOMER : SOUTHWEST RESEARCH 
WMT&R NO- : 3-67089 
P-O. NO- : F58154BT 
SPECIMEN : KC-H-W-4 
TESTLOG : T05269 
TEST DATE; 7/1 8/201 3 
SPECIMEN MEASUREMENTS 

TOTAL THICKNESS (B) : 0.749 in 

NET THICKNESS (By) : 0.587 in 

EFFECTIVE THICKNESS (3 , ) : 0,714 in 

WIDTH (IT) .1.503 in 

UNCRACKED LIGAMENT (b, ) : 0.732 in 
NOTCH LENGTH (a„) : 0.692 in 

TEST PARAMETERS 

TEST TEMPERATURE : -20«F 

TEST TYPE ;CT 

ORIENTATION : L-C 

TEST MACHINE : II235 

CLIP GAGE : 102439S2A 

CLIP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MATERIAL : Steel 


WMT&R QUOTE . Q.N12I622 REV. I 


SPECIFICATION : ASTM Hi 820-1 1 
MODULUS: 31.00 Msi 
ULTIMATE STRENGTH : 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71 
POISSON’S RATIO : 0.300 


5 ksi 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
IIOLDTIME 
OPERATOR 


0.02 in/mirt 
0.02 in/min 
0.02 in/min 
0.0005 in 
5.0 see. 

CHRIS HICKINS 


Side 1 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.772 in 

0.783 in 

0.755 in 

0.773 in 

0.754 in 

0.758 in 

0.786 in 

0.781 in 

0 781 in 


FINAL CRACK LENGTHS : 


Side 1 

1/8 Point 

1 /4 Point 

3/8 Point 

1 /2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.780 in 

0.791 in 

0.763 in 

0.781 in 

0.762 in 

0.766 in 

0.794 in 

0 789 in 

0 789 in 

PRECRACK AVERAGE 

: 0.7708 in 

FINAL AVERAGE 


: 0.7784 in 




PRECRACK a/W 


: 0.5128 

FINAL a/W 


: 0.5179 




FATIGUE PRECRACKING 

SUMMARY' 







STARTING P„, x 


: 13891b 

FINAL P max 


1240 !b 

R-RATIO {P n „ 

/P m ) 

: 0.1 

CYCLES 


: 534398 

FINAL K max 


: 13.58 ksKin)" 5 





ORIGINAL CRACK 

PHYSICAL CRACK SIZE («„ ) ; 0.7708 in 

EST. CRACK SIZE (a^) : 0.7652 in 

PERCENT' DIFFERENCE : 0.73 % 

J c VALIDITY CHECKS PER ASTM E1820-U 

I . (7.4.2) THE CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE 
FATIGUE CRACK, a/W) SHALL BE BETWEEN 0.45 AND 0.70 
a/W = 0.5128 

2 (A6.2.2) THICKNESS, S > 10O/ B /<r v 

B “ 0.7490 in 100 t g /a, = 0.4059 in 

3 (A6.2.2) INITIAL LIGAMENT, b c > I0Cl/ e /o> 

b a =0.7322 in \<XU g /a, =0 4059 in 

4 (A6.2.2) CRACK EXTENSION, Aa P <0.008 +J e /2a y 

A a p - 0.0070 m Lirail = 0.0099 in 

FAST FRACTURE RESPONSE 

SMALL SCALE YIELDING CRITERIA ARE MET 


VALID 

VALID 

VALID 

VALID 


TEST IS VALID: J c = 290.20 in-lb/in* 


K Jc = 99.43 ksi(in) 


1/2 


-/ c — i 


GERALD W. BOICE - THOMAS S. FEDOR 
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GENERAL VALIDITY CHECKS (ASTM El 820) 

PRELIMINARY INFORMATION 


CUSTOMER : SOUTHWEST RESEARCH 

WMT&R NO : 3-67089 

P.O. NO. : F58I54BT 

SPECIMEN : KC-H-W-4 

TESTLOG : T05269 

TEST DATE: 7/18/2013 


MATERIAL : Steel 

WMT&R QUOTE : QN121622 REV.l 


SPECIFICATION ASTM El 820-1 1 
MODULUS: 31.00 Msi 
ULTIMATE STRENOTH 84.0 ksi 
YIELD STRENGTH : 59.0 ksi 
EFFECTIVE YIELD STRENGTH : 71.5 ksi 
POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (5) 

: 0.749 in 

WIDTH (IK) 

: 1.503 in 

NET THICKNESS (5*.) 

: 0.587 in 

UNCRACKED LIGAMENT (b 0 ) 

: 0.732 in 

EFFECTIVE THICKNESS (5,) 

: 0.714 in 

NOTCH LENGTH (a n ) 

: 0.692 in 


TEST PARAMETERS 


TEST TEMPERATURE 

-20°F 

MAIN RAMP RATE 

: 0.02 in/min 




TEST TYPE 


CT 

PARTIAL LOADING RATE 

: 0.02 in/min 




ORIENTATION 


L-C 

PARTIAL UNLOADING RATE 

: 0.02 in/min 




TEST MACHINE 

H235 

UNLOADING INTERVAL 

: 0.0005 in 




CLTP GAGE 


10243952 A 

HOLDTIME 


5.0 sec. 




CLIP GAGE LOCATION 

LOAD LINE 

OPERATOR 


: CHRIS HICKJN5 



PHYSICAL CRACK LENGTHS 







PRECRACK LENGTHS : 








Side 1 

1/8 Point 

1/4 Point 

3/8 Point 1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.772 in 

0.783 in 

0 755 in 

0.773 in 0.754 in 

0.758 in 

0.786 in 

0.781 in 

0.781 in 

FINAL CRACK LENGTHS : 

Side 1 

1/8 Point 

1/4 Point 

3/8 Point 1/2 Point 

5/8 Point 

3/4 Point 


7/8 Point 

Side 2 

0.780 in 

0.791 in 

0.763 in 

0 781 in 0.762 in 

0.766 in 

0 794 in 


0.789 in 

0.789 in 

PRECRACK AVERAGE 

0.7708 in 

FINAL AVERAGE 

: 0.7784 in 





PRECRACK aAV 

0.5128 

FINAL a/W 

: 0.5179 





FATIGUE PRECRACKING SUMMARY 







STARTING P^ 


13891b 

FINAL P^ T 

: 12401b 

R-RATIO (P min / 

P 

max ) 

0.1 

CYCLES 


534398 

FINAL 

: 13.58 ksi(m) i/a 






TEST CURVE RESULTS 

MAXIMUM FORCE ) : 7309.8 lb 

GENERAL VALIDITY CHECKS PER ASTM E1820-11 

1 . (7.4.5. 1) LENGTH OF THE FATIGUE PRECRACK EXTENSION FROM THE MACHINED NOTCH SHALL NOT BE LESS VALID 
THAN 0.055 , AND NOT LESS THAN 0.05 IN. 

Extension - 0.0788 in 0 055 = 0 0375 in 

2. (7 4.5.1) FOR THE FIRST STEP OF PRECRACKING THE MAXIMUM STRESS INTENSITY APPLIED TO THE VALID 

SPECIMEN SHALL BE LIMITED BY K„, - (a /o„‘ )(0.4a n ' ksNin ) , WHERE a ANDo,/ ARE THE MATERIAL 

YIELD STRESSES AT TIIE FATIGUE PRECRACK AND TEST TEMPERATURES RESPECTIVELY. 

Applied = 13.0 ksi(in) 1 " K.„ Limit = 18.7 ksi(m) 1 ' 2 

3. (7.4.5 2) FOR THE SECOND STEP OF PRECRACKING THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

K m -0.6 (a yf /a„‘) ‘K r WHERE K r - K !Q , K JQC , OR f DEPENDING ON THE RESULT OF THE TEST 

K«uvt Applied- 13.6k$i(in) iW K m ,,, Limit = 53.1 ksiiin)''* 

4. (9. 1.4.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF INITIAL CRACK SIZE SHALL DIFFER BY MORE THAN VALID 

0.055 FROM THE AVERAGE a. 

Maximum Difference * 0.0168 in 0.055 =■ 0.0375 in 

5. (9. 1.4.2) NONE OF THE NINE PHYSICAL MEASUREMENTS OF FINAL PHYSICAL CRACK SIZE SHALL DIFFER BY MORE VALID 

THAN 0.055 FROM THE AVERAGE a p 

Maximum Difference = 0.0168 in 0.055 - 0.0375 in 

6. (9. 1.5.1) NONE OF THE NINE PHYSICAL MEASUREMENTS OF CRACK EXTENSION SHALL BE LESS THAN 50% OF THE VALID 

AVERAGE CRACK EXTENSION 

Minimum Extension ■ 0.0076 in 50% of the Average « 0.0038 in 


ALL GENERAL VALIDITY CHECKS ARE VALID 


LiA, 

GERALD W. BOICE - THOM AS S. FEDOR 


“NOTE: THE RECORDING OF FALSE, FICTITIOUS, OR FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNISHABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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WESTMORELAND MECHANICAL TESTING & RESEARCH 

Testing Specialists for Aerospace , Automotive , and Nuclear Fields 


Phone: (724) 537-3131 

Fax: (724) 5.37-3151 

Email: adnun@wmlr.com 

K u . DETERMINATION (ASTM El 820) 

PRELIMINARY INFORMATION 



CUSTOMER : SOUTHWEST RESEARCH 


SPECIFICATION : ASTM El 820-1 1 

WMT&R NO. : 3-67089 

MATERIAL : Steel 

MODULUS: 3 LOO Msi 

P.O. NO. : F58154BT 


ULTIMATE STRENGTH : 84.0 ksi 

SPECIMEN : KC-H-W-4 

WMT&R QUOTE : QN121622 REV.I 

YIELD STRENGTH : 59.0 ksi 

TESTLOG : T05269 


EFFECTIVE YIELD STRENGTH : 71 .5 ksi 

TEST DATE : 7/1 8/20 1 3 


POISSON'S RATIO : 0.300 


SPECIMEN MEASUREMENTS 


TOTAL THICKNESS (B) : 0.749 m 

NET THICKNESS (B„) : 0.587 in 

EFFECTIVE THICKNESS (B e ) : 0.7 1 4 in 

WIDTH (IV) : 1.503 in 

UNCRACKED LIGAMENT (b a ) : 0.732 in 
NOTCH LENGTH (a„) : 0.692 in 


TEST PARAMETERS 

TEST TEMPERATURE : -20°F 

TEST TYPE :CT 

ORIENTATION : L-C 

TEST MACHINE : H235 

CLIP GAGE : 1 0243952 A 

CLIP GAGE LOCATION : LOAD LINE 

PHYSICAL CRACK LENGTHS 

PRECRACK LENGTHS : 


MAIN RAMP RATE 
PARTIAL LOADING RATE 
PARTIAL UNLOADING RATE 
UNLOADING INTERVAL 
HOLDTIME 
OPERATOR 


0.02 in/min 
0.02 in/min 
0.02 in/min 
0.0005 in 
50 see. 

CHRIS HICKINS 


Side l 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.772 in 

0.783 in 

0.755 in 

0.773 in 

0.754 in 

0.758 m 

0.786 in 

0.781 in 

0.781 in 


FINAL CRACK LENGTHS : 


Side I 

1/8 Point 

1/4 Point 

3/8 Point 

1/2 Point 

5/8 Point 

3/4 Point 

7/8 Point 

Side 2 

0.780 in 

0.791 in 

0.763 in 

0.781 in 

0.762 in 

0.766 in 

0.794 in 

0.789 in 

0.789 in 


FATIGUE PRECRACKJNG SUMMARY 



STARTING P max 

: 1389 lb 

R-RATIU (f mk /P mK ) 

: 0.1 

FINAL 

: 1240 lb 

CYCLES 

: 534398 

FINALS 

: 13.58 k»(m) w 




TEST RESULTS 

CANDIDATE FORCE (P Q ) : 4907.7 lb MAXIMUM FORCE (P^) :7309.8 1b 

Kg : 60 7 kii(irt) 1 ' 7 SPECIMEN STRENGTH RATIO :2.97 

VALIDITY CHECKS PER ASTM F.1 820-1 1 

1 . (7 4.2) CRACK SIZE (TOTAL AVERAGE LENGTH OF THE CRACK STARTER CONFIGURATION PLUS THE VALID 

FATIGUE CRACK. a/W) MUST BE BETWEEN 0.45 AND 0.55 

a/W =0.5128 

2. (A5.4.2) THE RATIO P m „/P Q MUST BE <1.10 INVALID 

P^/Pg - 1-4895 

3. (A5.4.3) THE QUANTITY 2.5 Kg/ ays) 1 , WHERE a n IS THE 0.2% OFFSET YIELD STRENGTH IN TENSION, INVALID 

MUST BE LESS THAN THE LENGTH OF THE INITIAL UNCRACKF.D LIGAMENT, 

2.5 (K q /<j k ) 1 = 2.6461 in b 0 = 0.7322 in 

4 (7 .4.5.2) FOR THE SECOND STEP OF PRECRACKING THE APPLIED TO THE SPECIMEN SHALL BE LIMITED BY VALID 

=0.6(b„ j /g rs‘) **,. WHERE K F =K Q 

K max Applied * 13 6 ksitin) 1 ' 2 K ^ Limii = 53.1 ksRin) 1 ' 


TEST IS INVALID: Kq = 60.7 ksi(in) 1/2 


L- 

GERALD VV. BOICE - THOMAS S. FEDOR 


"NOTE: TI IE RECORDING OF FALSE, FICTITIOUS, OK FRAUDULENT STATEMENTS OR ENTRIES ON THIS DOCUMENT MAY BE PUNiSI IABLE AS A 

FELONY UNDER FEDERAL STATUTE." 
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A-225 Gr. B HEAD 
FATIGUE CRACK GROWTH 


ID 

Material 

Orientation 

Temp 

R 

FCG-3 




0.10 

FCG-5 



RT 

0.70 

FCG-8 

Base Flead 

T-L 


0.70 

FCG-4 


0.10 

FCG-7 



-20°F 

0.15 

FCG-6 




0.70 

FCG-H-H-1 




0.15 

FCG-H-H-2 

Head HAZ 

T-L 

RT 

FCG-H-H-3 

0.70 

FCG-H-H-4 




FCG-H-W-1 




0.15 

FCG-H-W-2 

Head Weld 

L-C 

RT 

FCG-H-W-3 

(vessel) 

0.70 

FCG-H-W-4 
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Automated Fatigue Crack 
Growth Rate Analysis 


Test ID 

f cg-3 

Geometry 

C (T) 

Contract 

Head 

Orientation 

T-L 

Material 

Steel 

Yield (ksi) 

52.5 

Temperature (F) 

71 

Modulus (Msi ) 

27.5 


Environment 


lab air 


Specimen Dimensions (in) 


Thickness 
Net Thickness 
Width 


0. 393 

0. 393 

1. 998 


Height 
Notch Depth 
Gage Length 


0.000 

0.000 

0.700 


Precrack Parameters 


Pmax (lbs) 
Final a (in) 


1800. 0 
0. 430 


Stress Ratio 0.10 

Rmax (ksi sqr [in] ) 14.48 


Test Parameters 


EvBP 
18. 626 


Freq 
20. 32 


Pmax R 

2800 0.10 


Ai 

0 . 000 


Kmaxi C 

0.00 0.00 


DKi 
0. 00 


K Coeff 
.886 
4. 64 
-13. 32 
14.72 
-5.6 


C Coeff 
1. 001 
-4.6695 
18.46 
-236.82 
1214.9 
-2143. 6 


Visual Observations 


EvB/P 

Crack (EvB/P) 

Crack (visual ) 

Error 

CAF 

18. 626 

0.427 

0. 430 

0.003 

0. 994 

22.838 

0.546 

0. 544 

-0.002 

0. 993 

29. 965 

0.696 

0. 695 

-0.001 

0. 993 

40. 032 

0.846 

0. 847 

0.001 

0. 992 

54. 956 

0. 997 

0. 997 

0.000 

0. 991 


Comments 


Date of test: 7/8/2013 
Waveform Type 


Sine 


Test 

ID fcg-3 





Page 1 

Pmax 

EvB/P 

a 

N 

da 

dN 

da/ dN 

Kmax 

deltaK 

(lb) 


(in) 


(in) 


( in/ eye ) 

(ksi [in] ".5) 


18.63 

0.4275 

15 






2800 

18.72 

0.4306 

889 

0. 0095 

2731 

3.475E-6 

22.550 

20. 302 

2800 

18.92 

0.4369 

2746 

0. 0133 

3889 

3.425E-6 

22.760 

20. 484 

2800 

19.15 

0.4440 

4778 

0. 0140 

4057 

3.449E-6 

22.977 

20. 679 

2800 

19.37 

0.4509 

6803 

0. 0140 

4005 

3.485E-6 

23.206 

20. 885 

2800 

19.60 

0.4579 

8783 

0. 0142 

3910 

3. 633E-6 

23.440 

21. 096 

2800 

19.84 

0.4651 

10713 

0. 0143 

3765 

3.791E-6 

23.671 

21. 304 

2800 

20.08 

0.4722 

12548 

0. 0140 

3602 

3.894E-6 

23.907 

21. 516 

2800 

20.32 

0.4792 

14315 

0. 0140 

3489 

4.005E-6 

24.140 

21. 726 

2800 

20.57 

0.4862 

16037 

0. 0140 

3359 

4.154E-6 

24.373 

21. 936 

2800 

20.82 

0.4931 

17674 

0. 0142 

3274 

4.340E-6 

24.612 

22.151 

2800 

21.08 

0.5004 

19311 

0. 0144 

3274 

4.387E-6 

24.850 

22.365 

2800 

21.34 

0.5075 

20948 

0. 0140 
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2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 


21.59 

0.5144 

22463 

0. 0140 

21.86 

0.5215 

23858 

0. 0140 

22.13 

0.5284 

25191 

0. 0139 

22.40 

0.5355 

26585 

0. 0143 

22.69 

0.5426 

27980 

0. 0139 

22 . 96 

0.5494 

29255 

0. 0138 

23.24 

0.5564 

30529 

0. 0144 

23.55 

0.5637 

31802 

0. 0141 

23.83 

0.5706 

32954 

0. 0135 

24.12 

0.5773 

34081 

0. 0136 

24.42 

0.5842 

35197 

0. 0139 

24.72 

0.5911 

36264 

0. 0140 

25.04 

0.5982 

37331 

0. 0140 

25.35 

0.6051 

38350 

0. 0141 

25 . 68 

0.6123 

39368 

0. 0144 

26.02 

0.6196 

40386 

0. 0141 

26.34 

0. 6264 

41308 

0. 0137 

26.68 

0.6333 

42211 

0. 0138 

27.02 

0.6402 

43106 

0. 0139 

27.36 

0.6472 

44000 

0. 0143 

27.73 

0.6545 

44895 

0. 0141 

28.08 

0.6613 

45712 

0. 0137 

28.44 

0.6682 

46529 

0. 0138 

28.81 

0.6751 

47346 

0. 0141 

29.19 

0.6823 

48162 

0. 0142 

29.57 

0. 6893 

48941 

0. 0138 

29.95 

0.6961 

49667 

0. 0139 

30.35 

0.7032 

50388 

0. 0141 

30.75 

0.7102 

51108 

0. 0140 

31.15 

0.7171 

517 97 

0. 0138 

31.56 

0.7240 

52456 

0. 0141 

32.00 

0.7312 

53145 

0. 0143 

32.43 

0.7383 

53802 

0. 0140 

32.86 

0.7452 

54429 

0. 0141 

33.31 

0.7524 

55055 

0. 0142 

33.76 

0.7594 

55650 

0. 0138 

34.21 

0.7662 

56230 

0. 0137 

34 . 66 

0.7731 

56799 

0. 0138 

35.13 

0.7800 

57368 

0. 0139 

35 . 61 

0.7871 

57937 

0. 0139 

36.09 

0.7939 

58482 

0. 0141 

36.61 

0.8012 

59026 

0. 0144 

37.13 

0.8083 

59547 

0. 0141 

37 . 64 

0.8153 

60042 

0. 0139 

38.16 

0.8223 

60537 

0. 0139 

38.69 

0.8291 

61007 

0. 0138 

39.23 

0.8361 

61472 

0. 0140 

39.78 

0.8431 

61937 

0. 0142 

40.36 

0.8502 

62384 

0. 0140 

40.92 

0.8571 

62809 

0. 0139 

41.5 0 

0.8641 

63234 

0. 0140 

42 . 10 

0.8711 

63658 

0. 0140 

42.71 

0.8781 

64062 

0. 0140 

43.32 

0.8851 

64446 

0. 0138 

43.93 

0.8919 

64821 

0. 0141 

44 . 60 

0.8991 

65209 

0. 0144 

45.27 

0.9063 

65581 

0. 0142 

45 . 93 

0.9133 

65920 

0. 0138 

46.60 

0.9202 

66244 

0. 0139 

47.29 

0.9272 

66584 

0. 0140 

48.00 

0.9342 

66907 

0. 0137 

48.69 

0.9409 

67204 

0. 0138 

49.43 

0.9480 

67507 

0. 0142 

50.19 

0.9551 

677 98 

0. 0140 

50.95 

0.9620 

68076 

0. 0141 

51.74 

0.9692 

68353 

0. 0142 

52.54 

0. 9762 

68618 

0. 0140 

53.36 

0.9832 

68871 

0. 0141 

54.20 

0.9903 

69123 

0. 0142 

55.06 

0.9974 

69365 

0. 0143 

55 . 95 

1.0046 

69591 

0. 0139 


2910 

4 . 825E-6 

25.332 

22.799 

2728 

5.123E-6 

25.566 

23. 010 

2727 

5.106E-6 

25.812 

23. 230 

2789 

5.113E-6 

26.053 

23. 448 

2670 

5.215E-6 

26.294 

23. 665 

2549 

5.429E-6 

26.543 

23. 889 

2547 

5.638E-6 

26.790 

24. Ill 

2425 

5.823E-6 

27.036 

24.333 

2279 

5.942E-6 

27.285 

24.557 

2243 

6.075E-6 

27.532 

24. 779 

2183 

6.350E-6 

27.778 

25.000 

2134 

6.576E-6 

28.032 

25.229 

2086 

6 . 714E-6 

28.286 

25.457 

2037 

6. 907E-6 

28.548 

25. 693 

2036 

7.081E-6 

28.811 

25. 930 

1940 

7.264E-6 

29.072 

26. 165 

1825 

7.523E-6 

29.339 

26. 405 

1798 

7 . 692E-6 

29.600 

26. 640 

1789 

7.790E-6 

29.865 

26. 879 

1789 

7.972E-6 

30.139 

27. 125 

1712 

8 . 231E-6 

30.408 

27.367 

1634 

8.390E-6 

30.685 

27.617 

1634 

8 . 458E-6 

30.958 

27.862 

1633 

8.619E-6 

31.237 

28.113 

1595 

8.887E-6 

31.519 

28.367 

1505 

9.201E-6 

31.802 

28. 622 

1447 

9.572E-6 

32.091 

28.882 

1441 

9.802E-6 

32.379 

29. 141 

1409 

9. 921E-6 

32.671 

29. 404 

1348 

1.020E-5 

32.965 

29. 669 

1348 

1.046E-5 

33.267 

29. 941 

1346 

1.063E-5 

33. 568 

30. 211 

1284 

1.088E-5 

33.876 

30. 489 

1253 

1 . 127 E- 5 

34.191 

30. 772 

1221 

1.163E-5 

34.501 

31. 051 

1175 

1.175E-5 

34.817 

31. 335 

114 9 

1.193E-5 

35.134 

31. 620 

1138 

1.213E-5 

35.451 

31. 905 

1138 

1.225E-5 

35.775 

32.198 

1114 

1.246E-5 

36.101 

32. 490 

1089 

1.298E-5 

36.442 

32.798 

1065 

1.355E-5 

36.782 

33. 103 

1016 

1.385E-5 

37.130 

33. 416 

990 

1.407E-5 

37.481 

33. 733 

965 

1.436E-5 

37.828 

34.045 

935 

1.475E-5 

38.183 

34. 365 

930 

1.506E-5 

38.542 

34. 688 

912 

1.553E-5 

38.910 

35.019 

872 

1. 605E-5 

39.281 

35.352 

850 

1. 630E-5 

39.659 

35.693 

849 

1. 647E-5 

40.039 

36. 035 

828 

1. 693E-5 

40.426 

36. 383 

788 

1.773E-5 

40.819 

36. 736 

759 

1.820E-5 

41.213 

37.092 

763 

1.842E-5 

41.624 

37.461 

760 

1.899E-5 

42.037 

37.833 

711 

1. 995E-5 

42.459 

38.213 

663 

2.088E-5 

42.887 

38.598 

664 

2.091E-5 

43.316 

38. 984 

663 

2.112E-5 

43.751 

39. 375 

620 

2.216E-5 

44.186 

39. 767 

600 

2.303E-5 

44.642 

40. 177 

594 

2.384E-5 

45.094 

40. 585 

569 

2.459E-5 

45.561 

41. 004 

555 

2.535E-5 

46.044 

41. 440 

542 

2. 614E-5 

46.524 

41. 871 

518 

2.708E-5 

47.022 

42.320 

505 

2.793E-5 

47.525 

42.772 

494 

2 . 880E-5 

48.039 

43. 235 

468 

3.055E-5 

48.567 

43. 709 
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2800 

56.80 

1.0113 

69803 

0. 0135 

425 

3.171E-5 

49.623 

44. 660 

■k 

2800 

57.66 

1.0180 

70016 

0. 0141 

436 

3.227E-5 

50.173 

45.155 

k 

2800 

58.63 

1.0254 

70239 

0. 0146 

435 

3.348E-5 

50.729 

45. 655 

k 

2800 

59.60 

1.0326 

70451 

0. 0143 

404 

3.551E-5 

51.314 

46. 181 

k 

2800 

60.58 

1.0397 

70643 

0. 0137 

364 

3.774E-5 

51.888 

46. 697 

k 

2800 

61.51 

1.0464 

70815 

0. 0135 

34 9 

3.880E-5 

52.478 

47.229 

k 

2800 

62.51 

1.0533 

70992 

0. 0141 

355 

3. 964E-5 

53.070 

47.762 

k 

2800 

63.5 6 

1.0604 

71170 

0. 0140 

34 0 

4.108E-5 

53.670 

48.301 

k 

2800 

64.58 

1.0672 

71332 

0. 0141 

32 3 

4.356E-5 

54.314 

48.881 

k 

2800 

65.70 

1.0745 

714 93 

0. 0143 

315 

4.538E-5 

54.943 

49. 447 

k 

2800 

66.81 

1.0815 

71647 

0. 0139 

299 

4. 651E-5 

55.599 

50.038 

k 

2800 

67. 91 

1.0884 

717 92 

0. 0138 

283 

4.868E-5 

56.260 

50. 631 

k 

2800 

69.05 

1.0953 

71930 

0. 0141 

275 

5 . 141E-5 

56.941 

51. 245 

k 

2800 

70.28 

1.1025 

72067 

0. 0143 

269 

5.318E-5 

57.631 

51. 864 

k 

2800 

71.50 

1.1096 

72199 

0. 0140 

252 

5 . 544E-5 

58.343 

52.507 

k 

2800 

72.72 

1.1165 

72319 

0. 0142 

242 

5.860E-5 

59.081 

53. 169 

k 

2800 

74.05 

1.1238 

72441 

0. 0142 

233 

6.086E-5 

59.806 

53. 823 

k 

2800 

75.33 

1.1307 

72552 

0. 0138 

216 

6 . 366E-5 

60.566 

54.505 

k 

2800 

76.64 

1.1375 

72657 

0. 0142 

214 

6. 616E-5 

61.343 

55.205 

k 

2800 

78.07 

1.1448 

72766 

0. 0143 

218 

6.571E-5 

62.121 

55. 903 

k 

2800 

79.48 

1.1519 

72875 

0. 0141 

214 

6.595E-5 

62.947 

56. 648 

k 

2800 

80.94 

1.1590 

72980 

0. 0141 

200 

7.055E-5 

63.769 

57.385 

k 

2800 

82.43 

1.1660 

73075 

0. 0140 

18 2 

7. 670E-5 

64.609 

58.142 

k 

2800 

83.93 

1.1729 

73162 

0. 0146 

14 5 

1 . 006E-4 

65.507 

58. 946 

k 

2799 

85.64 

1.1806 

73220 

0. 0141 

10 9 

1.298E-4 

66.353 

59. 708 

k 

2800 

87.13 

1.1871 

73271 

0. 0134 

115 

1.164E-4 

67.283 

60. 542 

k 

2800 

88.75 

1.1940 

73335 

0. 0138 

131 

1.050E-4 

68.164 

61. 338 

k 

2800 

90.41 

1.2008 

73402 

0. 0144 

130 

1.108E-4 

69.126 

62.202 

k 

2799 

92.28 

1.2084 

734 65 

0. 0143 

113 

1.267E-4 

70.064 

63. 042 

k 
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Automated Fatigue Crack 
Growth Rate Analysis 


Test ID 


fcg-5 

Geometry 

C (T) 

Contract 


Head 

Orientation 

T-L 

Material 


Steel 

Yield (ksi) 

52.5 

Temperature 

(F) 

71 

Modulus (Msi ) 

26.8 

Environment 

lab 

air 



Specimen 

Dimensions (in) 



Thickness 


0. 399 

Height 

0.000 

Net Thickness 

0. 399 

Notch Depth 

0.000 

Width 


1. 997 

Gage Length 

0.700 


Precrack Parameters 


Emax (lbs) 4500.0 

Final a (in) 0.432 

Test Parameters 


Stress Ratio 0.10 

Rmax (ksi sqr[in]) 35.78 


EvBP Freq 

18.594 14.32 


Pmax R Ai 

4500 0.70 0.000 


Krnaxi C DKi 

0.00 0.00 0.00 


K Coeff 
.886 
4. 64 
-13. 32 
14.72 
-5.6 


C Coeff 
1. 001 
-4.6695 
18.4 6 
-236.82 
1214. 9 
-2143. 6 


Visual Observations 


EvB/P Crack (EvB/P) 

Crack (visual ) 

Error 

CAF 

18. 602 

0.433 

0. 432 

-0.001 

1.006 

20. 942 

0.506 

0. 507 

0.001 

1.010 

24. 961 

0.609 

0. 610 

0.001 

1.016 

36. 282 

0.814 

0. 814 

-0.001 

1.028 

Comments 





Date of test: 
Waveform Type 

7/15/2013 

Sine 




Test 

ID fcg- 

-5 





Page 1 

Pmax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Kmax 

deltaK 

(lb) 


(in) 


(in) 


( in/ eye ) 

(ksi [in] 5) 


18.5 9 

0.4332 

8 61 






4500 

18.63 

0.4344 

3500 

0. 0056 

12244 

4.598E-7 

35.984 

10. 830 

4500 

18.7 6 

0.4389 

13105 

0. 0119 

24603 

4.817E-7 

36.205 

10. 862 

4500 

18.99 

0.4462 

28103 

0. 0146 

28980 

5.046E-7 

36.508 

10. 952 

4500 

19.21 

0.4535 

42085 

0. 0144 

27430 

5.262E-7 

36.887 

11. 066 

4500 

19.44 

0.4607 

55533 

0. 0145 

26740 

5.429E-7 

37.267 

11. 180 

4500 

19.67 

0.4680 

68825 

0. 0146 

26443 

5.516E-7 

37.646 

11. 294 

4500 

19.91 

0.4753 

81976 

0. 0145 

25894 

5.590E-7 

38.028 

11. 408 

4500 

20.15 

0.4825 

94719 

0. 0145 

25050 

5.790E-7 

38.412 

11. 524 

4500 

20.39 

0.4898 

107026 

0. 0145 

24132 

6.012E-7 

38.795 

11. 638 

4500 

20.64 

0.4970 

118851 

0. 0145 

23121 

6.277E-7 

39.184 

11. 755 

4500 

20.89 

0.5043 

130147 

0. 0146 

22289 

6.553E-7 

39.573 

11. 872 

4500 

21.15 

0.5116 

141140 

0. 0146 

21784 

6. 686E-7 

39.964 

11. 989 

4500 

21.40 

0.5188 

151931 

0.0145 

21410 

6. 757E-7 

40. 357 

12.107 
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4500 

21.66 

0.5260 

162550 

0. 0147 

21369 

6.858E-7 

40.757 

12.227 


4500 

21.94 

0.5335 

173300 

0. 0147 

21240 

6. 916E-7 

41.152 

12. 346 


4500 

22.21 

0.5407 

183790 

0. 0146 

20548 

7.089E-7 

41.558 

12.468 


4500 

22.49 

0.5481 

193848 

0. 0147 

19756 

7.423E-7 

41. 962 

12.589 


4500 

22.77 

0.5554 

203546 

0. 0145 

18 67 8 

7.747E-7 

42.364 

12.709 


4500 

23.05 

0.5625 

212526 

0. 0142 

17 600 

8.080E-7 

42.768 

12.831 


4500 

23.33 

0.5696 

221146 

0. 0144 

17241 

8.331E-7 

43.174 

12. 952 


4500 

23.62 

0.5769 

229767 

0. 0144 

16883 

8.556E-7 

43.579 

13. 074 


4500 

23.91 

0.5841 

238029 

0. 0146 

16524 

8.808E-7 

43.998 

13. 199 


4500 

24.22 

0.5914 

246291 

0. 0147 

16164 

9 . 110E-7 

44.415 

13. 325 


4500 

24.53 

0.5988 

254193 

0. 0142 

15 08 6 

9.416E-7 

44.828 

13. 448 


4500 

24.82 

0.6057 

261377 

0. 0130 

15448 

8.422E-7 

45.221 

13. 566 


4500 

25.09 

0.6118 

269641 

0. 0145 

16166 

8 . 939E-7 

45.667 

13. 700 


4500 

25.46 

0.6201 

277543 

0. 0157 

14585 

1.074E-6 

46.067 

13. 820 


4500 

25.79 

0.6275 

284226 

0. 0146 

13294 

1.098E-6 

46.531 

13. 959 


4500 

26.12 

0.6347 

290837 

0. 0144 

13223 

1.092E-6 

46.969 

14.091 


4500 

26.45 

0.6419 

297449 

0. 0143 

12 93 6 

1.109E-6 

47.406 

14.222 


4500 

26.79 

0. 64 90 

303773 

0. 0142 

12360 

1.151E-6 

47.843 

14. 353 


4500 

27.13 

0. 65 61 

309809 

0. 0145 

12 07 4 

1.203E-6 

48.293 

14.488 


4500 

27.49 

0.6636 

315847 

0. 0146 

11500 

1.267E-6 

48.736 

14. 621 


4500 

27.84 

0.6707 

321309 

0. 0141 

10807 

1.305E-6 

49.189 

14.757 


4500 

28.19 

0.6777 

326654 

0. 0141 

10861 

1.302E-6 

49.643 

14.893 


4500 

28.55 

0.6848 

332170 

0. 0145 

10803 

1.345E-6 

50.102 

15.031 


4500 

28 . 94 

0.6922 

337457 

0. 0145 

10115 

1.429E-6 

50.563 

15.169 


4500 

29.31 

0.6993 

342285 

0. 0144 

9654 

1.489E-6 

51.042 

15.312 


4500 

29.70 

0.7066 

347111 

0. 0146 

9653 

1.514E-6 

51.518 

15.455 


4500 

30.10 

0.7139 

351938 

0. 0144 

9195 

1.563E-6 

51.995 

15.598 


4500 

30.4 9 

0.7209 

356306 

0. 0142 

8643 

1. 646E-6 

52.484 

15.745 


4500 

30.8 9 

0.7281 

360581 

0. 0144 

8505 

1. 695E-6 

52.970 

15.891 

k 

4500 

31.30 

0.7354 

364811 

0. 0143 

8275 

1.733E-6 

53.462 

16. 039 

k 

4500 

31.72 

0.7425 

368856 

0. 0144 

7907 

1.820E-6 

53.967 

16. 190 

k 

4500 

32.15 

0. 7498 

372718 

0. 0143 

7540 

1.896E-6 

54.464 

16. 339 

k 

4500 

32.57 

0. 7568 

376396 

0. 0141 

717 2 

1. 959E-6 

54 . 973 

16. 492 

k 

4500 

33.00 

0.7638 

379890 

0. 0142 

6919 

2.058E-6 

55.486 

16. 646 

k 

4500 

33.45 

0.7710 

383315 

0. 0143 

6819 

2.104E-6 

56.002 

16. 801 

k 

4500 

33.90 

0.7782 

386709 

0. 0143 

6639 

2.152E-6 

56.531 

16. 959 

k 

4500 

34.36 

0.7853 

389954 

0. 0144 

6491 

2.220E-6 

57.069 

17.121 

k 

4500 

34.83 

0.7926 

393200 

0. 0146 

6343 

2.303E-6 

57.617 

17.285 

k 

4500 

35.32 

0.7999 

396297 

0. 0142 

5901 

2.414E-6 

58.158 

17.447 

k 
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Pmax 

(lb) 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 


Automated Fatigue Crack 
Growth Rate Analysis 


Test ID 

fcg-8 

Geometry 


C (T) 

Contract 

Head 

Orientation 


T-L 

Material 

Steel 

Yield (ksi) 


52.5 

Temperature (F) 

71 

Modulus (Msi ) 


27.5 

Environment lab air 




Specimen Dimensions (in) 




Thickness 

0. 401 

Height 


0.000 

Net Thickness 

0. 401 

Notch Depth 


0.000 

Width 

1. 996 

Gage Length 


0.700 

Precrack Parameters 




Pmax ( lbs ) 

6500. 0 

Stress Ratio 


0.10 

Final a (in) 

0. 448 

Rmax (ksi sqr[in]) 

52.64 

Test Parameters 





EvBP Freq 

Pmax R 

Ai Kmaxi 

C 

DKi 

18.969 26.32 

6500 0.70 

0.000 0.00 

0.00 

0. 00 

K Coeff (Tl) 

C Coeff 




.886 

1. 001 




4 . 64 

-4.6695 




-13. 32 

18.4 6 




14.72 

-236.82 




-5.6 

1214. 9 
-2143. 6 




Visual Observations 




EvB/P Crack (EvB/P) Crack (visual ) Error 

CAF 


18.783 0.446 

0. 448 

0.002 

1.018 


22.866 0.563 

0. 561 

-0.002 

1.022 


27.359 0.664 

0. 663 

-0.001 

1.026 


36.371 0.817 

0. 818 

0.001 

1.031 



Comments 

Date of test: 7/2/2013 

Waveform Type Sine 


EvB/P 

a 

N 

da/dN 

Rmax deltaK 


(in) 


in/ eye ) 

(ksi [in] 5) 


19.3200 

0. 46325 

11306 

1. 57E-06 

53.3638 

16.0240 


19. 6312 

0. 47288 

16820 

1. 75E-06 

54.1442 

16.2433 


19. 9435 

0. 48234 

22123 

1. 79E-06 

54.8671 

16.4601 


20.2646 

0. 49188 

27167 

1. 89E-06 

55.5908 

16.6772 


20.5888 

0. 50132 

31768 

2. 05E-06 

56.3176 

16.8952 


20. 9186 

0. 51073 

36170 

2. 14E-06 

57.0441 

17.1132 

k 

21.2610 

0. 52031 

40385 

2. 27E-06 

57.7807 

17.3343 

k 

21. 6059 

0. 52976 

44302 

2. 41E-06 

58.5239 

17.5572 

k 

21. 9594 

0. 53925 

48076 

2. 52E-06 

59.2691 

17.7807 

k 

22.3254 

0. 54888 

51766 

2. 61E-06 

60.0271 

18.0081 

k 

22.6932 

0. 55836 

55208 

2. 75E-06 

60.7906 

18.2371 

k 

23.0819 

0. 56818 

58507 

2. 98E-06 

61.5678 

18.4703 

k 

23.4579 

0. 57748 

61568 

3. 04E-06 

62.3445 

18.7034 

k 

23.8446 

0. 58686 

64511 

3. 19E-06 

63.1101 

18.9330 

k 

24.2573 

0. 59666 

67454 

3. 33E-06 

63. 9033 

19.1709 

k 

24.6693 

0. 60625 

70162 

3. 54E-06 

64.7127 

19.4138 

k 

25.0768 

0. 61553 

72751 

3. 59E-06 

65.5083 

19.6525 

k 
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6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 

6500 


25.5080 

0. 62516 

75222 

3. 90E-06 

66.3138 

19.8943 

k 

25.9403 

0. 63462 

77577 

4. 01E-06 

67.1348 

20.1405 

k 

26.3717 

0. 64386 

79813 

4. 13E-06 

67.9479 

20.3843 

k 

26.8109 

0. 65308 

81911 

4. 39E-06 

68.7596 

20.6279 

k 

27.2606 

0. 66233 

83896 

4. 66E-06 

69.5806 

20.8740 

k 

27.7392 

0. 67197 

85882 

4. 85E-06 

70.4302 

21.1289 

k 

28.2264 

0. 68157 

87866 

4. 84E-06 

71.3063 

21.3918 

k 

28.7228 

0. 69115 

89756 

5. 07E-06 

72.1906 

21.6571 

k 

29.2251 

0. 70063 

91551 

5. 28E-06 

73.0807 

21.9241 

k 

29.7215 

0. 70980 

93159 

5. 71E-06 

73. 9635 

22.1889 

k 

30.2345 

0. 71909 

94751 

5. 83E-06 

74.8485 

22.4544 

k 

30.7745 

0. 72865 

96342 

6. 01E-06 

75.7644 

22.7293 

k 

31.3023 

0. 73780 

97858 

6. 03E-06 

76. 6865 

23.0059 

k 

31.8705 

0. 74743 

99373 

6. 36E-06 

77.6256 

23.2875 

k 

32.4516 

0. 75706 

100812 

6. 69E-06 

78.6033 

23.5809 

k 

33.0204 

0. 76628 

102162 

6. 83E-06 

79.5747 

23.8723 

k 

33. 5991 

0. 77546 

103496 

6. 88E-06 

80.5374 

24 . 1611 

k 

34.2076 

0. 78489 

104829 

7. 08E-06 

81.5267 

24.4579 

k 

34.8183 

0. 79415 

106102 

7. 27E-06 

82.5363 

24.7608 

k 

35.4801 

0. 80395 

107255 

8. 50E-06 

83.5829 

25.0748 

k 

36.0968 

0. 81288 

108285 

8. 67E-06 

84.6291 

25.3888 

k 

36.8758 

0. 82375 

109113 

1. 31E-05 

85.7546 

25.7265 

k 

37.4830 

0. 83197 

109842 

1. 13E-05 

86.8597 

26.0579 

k 

38.1403 

0. 84068 

110658 

1. 07E-05 

87.8569 

26.3569 

k 

38.8283 

0. 84960 

111397 

1. 21E-05 

88.9122 

26. 6734 

k 

39. 6918 

0. 86050 

111834 

2. 50E-05 

90.1209 

27.0357 

k 

40.3600 

0. 86873 

112083 

3. 31E-05 

91.3108 

27.3924 

k 

41.1610 

0. 87837 

112348 

3. 64E-05 

92.4428 

27.7313 

k 
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Automated Fatigue Crack 
Growth Rate Analysis 


Test ID 

fcg-4 

Geometry 


C (T) 

Contract 

Head 

Orientation 


T-L 

Material 

Steel 

Yield (ksi) 


52.5 

Temperature (F) 

-20 

Modulus (Msi ) 


27.7 

Environment cold 

chamber 




Specimen Dimensions (in) 




Thickness 

0. 400 

Height 


0.000 

Net Thickness 

0. 400 

Notch Depth 


0.000 

Width 

1. 996 

Gage Length 


0.200 

Precrack Parameters 




Rmax (lbs) 

1800. 0 

Stress Ratio 


0. 10 

Final a (in) 

0. 432 

Rmax (ksi sqr[in]) 

14.30 

Test Parameters 





EvBP Freq 

Pmax R 

Ai Kmaxi 

C 

DKi 

18.652 14.00 

2800 0.10 

0.000 0.00 

0.00 

0. 00 

K Coeff 

C Coeff 




.886 

1. 001 




4. 64 

-4 . 6695 




-13. 32 

18.4 6 




14.72 

-236.82 





-5.6 1214.9 

-2143.6 

Visual Observations 


EvB/P Crack (EvB/P) 

Crack (visual ) 

Error 

CAF 

18.369 

0.432 

0. 432 

0.000 

1.016 

96. 621 

1.221 

1. 221 

0.000 

0. 984 

Comments 





Date of test: 
Waveform Type 

7/11/2013 

Sine 




Test 

ID fcg- 

■4 





Page 1 

Pmax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Rmax 

deltaK 

(lb) 


(in) 


(in) 


(in/ eye) 

(ksi [in] 5) 


18.65 

0.4409 

128 






2800 

18.72 

0.4432 

1213 

0. 0045 

2061 

2.196E-6 

22.533 

20. 280 

2800 

18.80 

0.4454 

2189 

0. 0031 

1395 

2.191E-6 

22.654 

20. 389 

2800 

18.82 

0.4462 

2608 

0. 0052 

2417 

2.135E-6 

22.761 

20. 485 

2800 

18.97 

0.4506 

4606 

0. 0112 

5174 

2.170E-6 

22.885 

20. 596 

2800 

19.19 

0.4575 

7782 

0. 0137 

6327 

2.167E-6 

23.066 

20. 759 

2800 

19.42 

0.4643 

10933 

0. 0138 

6291 

2.192E-6 

23.291 

20. 962 

2800 

19.66 

0.4713 

14073 

0. 0139 

6121 

2.266E-6 

23.515 

21. 164 

2800 

19.90 

0.4782 

17054 

0. 0136 

5801 

2.348E-6 

23.739 

21. 365 

2800 

20.13 

0.4849 

19874 

0. 0135 

5635 

2.399E-6 

23.965 

21. 569 

2800 

20.37 

0.4917 

22689 

0. 0136 

5510 

2.469E-6 

24.188 

21. 769 

2800 

20.62 

0.4985 

25384 

0. 0137 

5413 

2.527E-6 

24.415 

21. 974 

2800 

20.87 

0.5054 

28102 

0. 0140 

5471 

2.564E-6 

24 . 648 

22.183 

2800 

21.14 

0.5125 

30855 

0. 0140 

5411 

2.580E-6 

24.877 

22.389 

2800 

21.39 

0.5193 

33513 

0. 0134 

5221 

2.568E-6 

25.108 

22.598 

2800 

21.65 

0.5259 

36076 

0. 0134 

5126 

2. 624E-6 

25.340 

22.806 
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2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 


21.91 

0.5328 

38639 

0. 0139 

5126 

2 . 706E-6 

25.571 

23. 014 

22.19 

0.5398 

41202 

0. 0138 

5126 

2 . 689E-6 

25.804 

23. 224 

22.46 

0.5466 

437 65 

0. 0134 

5315 

2 . 518E-6 

26.038 

23. 435 

22.73 

0.5532 

46517 

0. 0132 

5600 

2.364E-6 

26.270 

23. 643 

23.01 

0.5598 

49365 

0. 0135 

5696 

2.368E-6 

26.504 

23. 854 

23.2 9 

0.5667 

52213 

0. 0139 

5791 

2.400E-6 

26.743 

24.069 

23.5 9 

0.5737 

55156 

0. 0139 

5881 

2.359E-6 

26.984 

24.286 

23.89 

0.5805 

58094 

0. 0137 

5895 

2.324E-6 

27.231 

24.508 

24.19 

0.5874 

61051 

0. 0137 

5913 

2.314E-6 

27.474 

24.727 

24.49 

0.5942 

64007 

0. 0136 

5677 

2.394E-6 

27.719 

24. 947 

24.80 

0.6010 

66728 

0. 0135 

5441 

2.472E-6 

27.962 

25.166 

25.10 

0.6077 

69448 

0. 0137 

5440 

2.510E-6 

28.213 

25.392 

25.43 

0.6147 

72168 

0. 0138 

5435 

2.544E-6 

28.461 

25. 615 

25.75 

0. 6215 

74883 

0. 0138 

5426 

2.551E-6 

28.719 

25.847 

26.09 

0.6285 

77594 

0. 0137 

5184 

2. 644E-6 

28.971 

26. 074 

26.42 

0.6352 

80067 

0. 0135 

4826 

2 . 791E-6 

29.229 

26. 306 

26.75 

0.6420 

82420 

0. 0138 

4707 

2. 935E-6 

29.489 

26. 540 

27.11 

0.6490 

84774 

0. 0138 

4590 

3.002E-6 

29.746 

26. 771 

27.45 

0.6557 

87010 

0. 0135 

4428 

3. 042E-6 

30.011 

27.010 

27.80 

0.6625 

89202 

0. 0135 

4270 

3.170E-6 

30.272 

27.245 

28.16 

0.6693 

91280 

0. 0136 

4061 

3.338E-6 

30.536 

27.483 

28.52 

0.6760 

932 63 

0. 0139 

4061 

3. 412E-6 

30.810 

27.729 

28.91 

0.6831 

95341 

0. 0140 

4063 

3.447E-6 

31.082 

27. 974 

29.29 

0.6901 

97326 

0. 0138 

3877 

3. 551E-6 

31.362 

28.225 

29.67 

0.6969 

99218 

0. 0136 

3687 

3. 688E-6 

31.638 

28.474 

30.06 

0.7036 

101013 

0. 0135 

3554 

3. 802E-6 

31.917 

28.725 

30.45 

0.7104 

102772 

0. 0136 

3501 

3.896E-6 

32.198 

28. 978 

30.85 

0.7173 

104514 

0. 0136 

3409 

3. 986E-6 

32.479 

29. 231 

31.25 

0.7240 

106181 

0. 0135 

3334 

4.061E-6 

32.768 

29. 491 

31.67 

0.7308 

107848 

0. 0136 

3257 

4.162E-6 

33.053 

29. 748 

32.08 

0.7376 

109438 

0. 0136 

3181 

4.278E-6 

33.348 

30. 013 

32.52 

0.7444 

111029 

0. 0138 

3182 

4.341E-6 

33.645 

30. 280 

32.96 

0.7514 

112620 

0. 0139 

3106 

4.487E-6 

33.950 

30. 555 

33.41 

0.7584 

114135 

0. 0141 

2955 

4.782E-6 

34.262 

30. 836 

33.88 

0.7655 

115575 

0. 0139 

2728 

5.081E-6 

34.571 

31. 114 

34.34 

0.7722 

116863 

0. 0133 

2504 

5.298E-6 

34.881 

31. 393 

34.78 

0.7788 

118079 

0. 0132 

2429 

5.448E-6 

35.190 

31. 671 

35.25 

0.7855 

119292 

0. 0136 

2425 

5.596E-6 

35.501 

31. 951 

35.73 

0.7923 

120504 

0. 0139 

2424 

5 . 731E-6 

35.824 

32.242 

36.24 

0.7994 

121716 

0. 0139 

2364 

5.861E-6 

36.150 

32. 535 

36.73 

0. 8062 

122868 

0. 0135 

2231 

6. 068E-6 

36.481 

32.833 

37.23 

0.8129 

123947 

0. 0136 

2145 

6. 335E-6 

36.816 

33. 135 

37.75 

0.8198 

125013 

0. 0138 

2133 

6. 476E-6 

37.153 

33. 438 

38.28 

0.8267 

126080 

0. 0139 

2085 

6. 653E-6 

37.499 

33. 749 

38.83 

0.8337 

127098 

0. 0140 

1988 

7.051E-6 

37.855 

34.069 

39.39 

0.8407 

128068 

0. 0140 

1891 

7.418E-6 

38.212 

34.391 

39.96 

0.8477 

128989 

0. 0136 

1785 

7. 641E-6 

38.571 

34.713 

40.51 

0.8544 

129853 

0. 0134 

1720 

7.811E-6 

38.932 

35.039 

41.08 

0.8611 

130709 

0. 0137 

1711 

8.021E-6 

39.298 

35.369 

41.67 

0.8681 

131564 

0. 0137 

1672 

8.223E-6 

39.666 

35. 699 

42.26 

0.8749 

132381 

0. 0135 

1595 

8.489E-6 

40.044 

36. 040 

42.86 

0.8816 

133159 

0. 0139 

1555 

8. 957E-6 

40.434 

36. 390 

43.51 

0.8888 

133936 

0. 0142 

1516 

9.391E-6 

40.826 

36. 744 

44.16 

0.8959 

134675 

0. 0137 

1434 

9. 544E-6 

41.222 

37.100 

44.79 

0.9025 

135370 

0. 0134 

1384 

9. 699E-6 

41.628 

37.465 

45.44 

0.9093 

136059 

0. 0139 

1378 

1. 006E-5 

42.034 

37.830 

46.13 

0.9163 

136748 

0. 0137 

1348 

1.019E-5 

42.440 

38.196 

46.79 

0.9230 

137407 

0. 0134 

1287 

1.040E-5 

42.860 

38.574 

47.47 

0. 9297 

138035 

0. 0136 

1256 

1.084E-5 

43.283 

38. 954 

48.18 

0.9366 

138663 

0. 0139 

1223 

1. 134E-5 

43.713 

39. 342 

48.92 

0.9436 

139258 

0. 0140 

1149 

1.215E-5 

44.160 

39. 744 

49.67 

0.9506 

139812 

0. 0138 

1073 

1.289E-5 

44.608 

40. 147 

50.42 

0.9574 

140331 

0. 0134 

1014 

1.324E-5 

45.059 

40. 553 

51.16 

0.9640 

140826 

0. 0137 

990 

1.381E-5 

45.527 

40. 974 

51.96 

0.9711 

141321 

0. 0142 

990 

1. 435E-5 

45.998 

41. 398 

52.79 

0.9782 

141816 

0. 0142 

966 

1.473E-5 

46.491 

41. 841 

53.64 

0.9853 

142287 

0. 0136 

895 

1. 522E-5 

46.975 

42.278 

54.43 

0.9918 

142711 

0. 0135 

848 

1. 594E-5 

47.483 

42.734 

55.30 

0.9988 

143135 

0. 0140 

84 9 

1. 655E-5 

47.982 

43. 184 

56.19 

1.0059 

143560 

0. 0139 

829 

1. 679E-5 

48.499 

43. 649 

57.08 

1.0127 

143964 

0. 0138 

787 

1.758E-5 

49.033 

44.130 
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2800 

58.00 

1.0197 

144347 

0. 0138 

743 

1.853E-5 

49.561 

44. 605 

• k 

2800 

58.92 

1.0265 

144707 

0. 0136 

716 

1. 902E-5 

50.106 

45.095 

k 

2800 

59.86 

1.0333 

145063 

0. 0137 

711 

1. 926E-5 

50.654 

45.589 

k 

2800 

60.83 

1.0402 

145418 

0. 0138 

695 

1. 990E-5 

51.219 

46. 097 

k 

2800 

61.8 3 

1.0472 

145758 

0. 0138 

647 

2.129E-5 

51.789 

46. 609 

k 

2800 

62.8 3 

1.0540 

146065 

0. 0135 

604 

2.227E-5 

52.368 

47.131 

k 

2800 

63.8 3 

1.0606 

146362 

0. 0137 

587 

2.326E-5 

52.965 

47. 668 

k 

2800 

64 . 91 

1.0676 

146652 

0. 0138 

568 

2.437E-5 

53.561 

48.204 

k 

2800 

65.99 

1.0745 

146930 

0. 0139 

556 

2.506E-5 

54.195 

48.775 

k 

2800 

67.13 

1.0816 

147208 

0. 0141 

543 

2.604E-5 

54.832 

49. 348 

k 

2800 

68.30 

1.0886 

147473 

0. 0140 

517 

2.708E-5 

55.491 

49. 941 

k 

2800 

69.47 

1.0956 

147725 

0. 0141 

492 

2.866E-5 

56.169 

50. 551 

k 

2800 

70.71 

1.1027 

147965 

0. 0138 

455 

3.041E-5 

56.834 

51. 151 

k 

2800 

71.90 

1.1094 

148180 

0. 0133 

397 

3.344E-5 

57.519 

51. 765 

k 

2800 

73.09 

1.1160 

148362 

0. 0137 

351 

3.893E-5 

58.218 

52.395 

k 

2800 

74.41 

1.1231 

148531 

0. 0141 

339 

4.159E-5 

58.924 

53. 030 

k 

2800 

75.75 

1.1301 

148701 

0. 0139 

332 

4 . 193E-5 

59.665 

53. 697 

k 

2800 

77.10 

1.1370 

148863 

0. 0137 

316 

4.347E-5 

60.414 

54. 371 

k 

2800 

78.46 

1.1438 

149017 

0. 0138 

295 

4. 676E-5 

61.181 

55.062 

k 

2800 

79.89 

1.1508 

149158 

0. 0138 

272 

5.088E-5 

61.955 

55.757 

k 

2800 

81.34 

1.1577 

149289 

0. 0138 

262 

5.264E-5 

62.756 

56. 480 

k 

2800 

82.84 

1.1646 

149420 

0. 0141 

263 

5.354E-5 

63.587 

57.225 

k 

2800 

84.42 

1.1717 

149552 

0. 0141 

250 

5. 632E-5 

64.420 

57. 976 

k 

2800 

86.00 

1.1787 

149670 

0. 0139 

226 

6.147E-5 

65.295 

58.762 

k 

2800 

87.63 

1.1856 

149778 

0. 0139 

208 

6. 698E-5 

66.169 

59. 549 

k 

2800 

89.30 

1.1926 

149878 

0. 0135 

190 

7.121E-5 

67.046 

60. 337 

k 

2800 

90.92 

1.1992 

149968 

0. 0135 

162 

8.337E-5 

67.959 

61. 158 

k 

2799 

92.68 

1.2061 

150040 

0. 0144 

12 9 

1.118E-4 

68.914 

62.014 

k 
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Automated Fatigue Crack 
Growth Rate Analysis 


Test ID 

fcg-7 

Geometry 


C (T) 

Contract 

Head 

Orientation 


T-L 

Material 

Steel 

Yield (ksi) 


52.5 

Temperature (F) 

-20 

Modulus (Msi ) 


28.4 

Environment cold 

chamber 




Specimen Dimensions (in) 




Thickness 

0. 400 

Height 


0.000 

Net Thickness 

0. 400 

Notch Depth 


0. 000 

Width 

2.001 

Gage Length 


0. 700 

Precrack Parameters 




Rmax ( lbs ) 

1800. 0 

Stress Ratio 


0.10 

Final a (in) 

0. 428 

Rmax (ksi sqr[in]) 

14.16 

Test Parameters 





EvBP Freq 

Pmax R 

Ai Kmaxi 

C 

DKi 

18.300 14.32 

2800 0.15 

0.000 0.00 

0.00 

0. 00 

K Coeff 

C Coeff 




.886 

1. 001 




4. 64 

-4.6695 




-13. 32 

18.4 6 




14.72 

-236.82 




-5.6 

1214. 9 





-2143. 6 


Visual Observations 


EvB/P Crack (EvB/P) Crack (visual ) Error CAF 

18.235 0.428 0.428 0.000 1.015 

68.982 1.115 1.115 0.000 1.037 

Comments 


Date of test: 7/23/2013 
Waveform Type 


Sine 


Test 

ID fcg- 

■7 





Page 1 

Pmax 

EvB/P 

a 

N 

da 

dN 

da/dN 

Rmax 

deltaK 

(lb) 


(in) 


(in) 


(in/ eye) 

(ksi [in] ^.5) 


18.30 

0.4302 

832 






2800 

18.38 

0.4328 

2015 

0. 0068 

3285 

2.075E-6 

22.179 

18.854 

2800 

18.50 

0.4370 

4117 

0. 0111 

5528 

2.005E-6 

22.356 

19. 003 

2800 

18.71 

0.4438 

7543 

0. 0140 

6935 

2.012E-6 

22.538 

19. 157 

2800 

18.93 

0.4509 

11052 

0. 0144 

6956 

2.068E-6 

22.764 

19. 350 

2800 

19.16 

0.4582 

14499 

0. 0143 

6763 

2.115E-6 

22.992 

19. 543 

2800 

19.38 

0.4653 

17815 

0. 0146 

6657 

2.186E-6 

23.232 

19. 747 

2800 

19.63 

0.4728 

21156 

0. 0146 

6430 

2.273E-6 

23.461 

19. 942 

2800 

19.86 

0.4799 

24245 

0. 0139 

5987 

2.325E-6 

23.695 

20. 141 

2800 

20.09 

0.4867 

27143 

0. 0142 

5916 

2.398E-6 

23.931 

20. 342 

2800 

20.34 

0.4941 

30161 

0. 0147 

5917 

2.487E-6 

24.165 

20. 540 

2800 

20.59 

0.5014 

33060 

0. 0143 

5555 

2.583E-6 

24.402 

20. 742 

2800 

20.84 

0.5084 

35716 

0. 0142 

5312 

2. 680E-6 

24.644 

20. 948 

2800 

21.09 

0.5156 

38372 

0. 0142 

5192 

2.736E-6 

24.877 

21. 146 

2800 

21.34 

0.5226 

40908 

0. 0140 

4950 

2.827E-6 

25.117 

21. 349 

2800 

21.60 

0.5296 

43322 

0. 0142 

4829 

2. 944E-6 

25.355 

21. 552 


292 


2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 

2800 


21.87 

0.5368 

45737 

0. 0144 

4710 

3.059E-6 

25.597 

21. 757 


22.14 

0.5440 

48032 

0. 0142 

4539 

3.132E-6 

25.839 

21. 963 


22.41 

0.5510 

50276 

0. 0141 

4463 

3.155E-6 

26.084 

22.171 


22.68 

0.5581 

52495 

0. 0140 

4343 

3.229E-6 

26.324 

22.376 


22.96 

0.5651 

54619 

0. 0140 

4247 

3.307E-6 

26.571 

22.585 


23.24 

0.5722 

56742 

0. 0145 

4245 

3.420E-6 

26.821 

22.798 


23.54 

0.5796 

58864 

0. 0145 

4149 

3.501E-6 

27.071 

23. Oil 


23.84 

0.5867 

608 91 

0. 0143 

3958 

3. 613E-6 

27.330 

23. 230 


24.14 

0.5939 

62822 

0. 0141 

3762 

3.742E-6 

27.579 

23. 442 


24.43 

0.6008 

64653 

0. 0137 

3627 

3.788E-6 

27.831 

23. 656 


24.73 

0.6076 

66449 

0. 0141 

3652 

3.852E-6 

28.086 

23. 873 


25.04 

0.6148 

68305 

0. 0145 

3634 

3. 998E-6 

28.344 

24.092 


25.37 

0.6221 

70083 

0.0144 

3478 

4 . 150E-6 

28 . 607 

24.316 


25.69 

0. 6293 

71783 

0. 0139 

3323 

4.186E-6 

28.868 

24.538 


26.01 

0.6361 

73406 

0. 0137 

3169 

4.338E-6 

29.130 

24.761 


26.33 

0. 6430 

74952 

0. 0143 

3093 

4.620E-6 

29.395 

24. 986 


26.68 

0. 6503 

76499 

0. 0148 

3015 

4 . 902E-6 

29.669 

25.218 


27.04 

0.6578 

77967 

0. 0145 

2785 

5.205E-6 

29.943 

25.452 


27.38 

0.6648 

79284 

0. 0140 

2559 

5.453E-6 

30.220 

25. 687 


27.73 

0. 6718 

80526 

0. 0141 

2485 

5.691E-6 

30.498 

25. 923 


28.09 

0. 6790 

81769 

0. 0143 

2425 

5.891E-6 

30.772 

26. 156 


28.45 

0. 6860 

82951 

0. 0140 

2286 

6.116E-6 

31.052 

26. 395 


28.81 

0.6930 

84055 

0. 0139 

2193 

6.316E-6 

31.332 

26. 632 


29.18 

0.6999 

85144 

0. 0154 

2128 

7.235E-6 

31.643 

26. 897 


29.64 

0.7084 

86183 

0. 0140 

2229 

6.265E-6 

31.896 

27.112 


29.94 

0.7139 

87373 

0. 0129 

2477 

5.193E-6 

32.223 

27.389 


30.35 

0.7212 

88660 

0. 0143 

2477 

5.788E-6 

32.482 

27. 610 


30.74 

0.7282 

89850 

0. 0141 

2378 

5 . 940E-6 

32.787 

27.869 


31.15 

0.7353 

91038 

0. 0144 

2376 

6.051E-6 

33.089 

28. 126 


31.58 

0.7426 

92226 

0. 0143 

2327 

6.150E-6 

33.395 

28.386 


32.00 

0.7497 

93365 

0. 0139 

2228 

6.259E-6 

33.701 

28. 646 


32.41 

0.7565 

94454 

0. 0138 

2178 

6.348E-6 

34.010 

28. 908 


32.84 

0.7635 

95543 

0. 0141 

2179 

6.477E-6 

34.321 

29. 173 


33.28 

0.7706 

96633 

0. 0142 

2179 

6.539E-6 

34 . 637 

29. 442 


33.7 4 

0.7777 

97722 

0. 0143 

2178 

6.559E-6 

34.963 

29. 718 


34 . 20 

0.7849 

98811 

0. 0144 

2178 

6 . 602E-6 

35.292 

29. 998 


34.67 

0.7921 

99900 

0. 0142 

2178 

6.517E-6 

35.622 

30. 279 


35.14 

0.7991 

100989 

0. 0139 

2128 

6.521E-6 

35 . 955 

30. 562 


35.61 

0.8060 

102028 

0. 0139 

2079 

6.705E-6 

36.290 

30. 847 


36.10 

0.8130 

103068 

0. 0144 

2081 

6. 917E-6 

36.635 

31. 140 


36.61 

0.8204 

104109 

0. 0142 

1982 

7 . 178E-6 

36.976 

31. 430 


37.11 

0.8273 

105050 

0. 0139 

1864 

7.458E-6 

37.333 

31. 733 


37.62 

0.8343 

105973 

0. 0142 

1841 

7.739E-6 

37.688 

32.035 


38.15 

0.8415 

106891 

0. 0142 

1796 

7.919E-6 

38.045 

32.339 


38.68 

0.8485 

107769 

0. 0140 

1716 

8.139E-6 

38.413 

32. 651 


39.22 

0.8555 

108607 

0. 0137 

1636 

8.371E-6 

38.773 

32. 957 


39.75 

0.8622 

109405 

0. 0139 

1636 

8.523E-6 

39.151 

33. 278 


40.32 

0.8694 

110243 

0. 0144 

1637 

8.824E-6 

39.527 

33. 598 


40.91 

0.8766 

111042 

0. 0141 

1541 

9.121E-6 

39.911 

33. 924 


41.47 

0.8835 

111784 

0. 0139 

1473 

9.405E-6 

40.307 

34.261 


42.07 

0.8905 

112515 

0. 0139 

1431 

9.724E-6 

40.694 

34.590 


42.66 

0.8974 

113215 

0. 0139 

1400 

9. 935E-6 

41.095 

34. 931 


43.27 

0.9044 

113915 

0. 0141 

1400 

1.005E-5 

41.501 

35.276 


43.90 

0.9115 

114615 

0. 0143 

1400 

1 . 023E-5 

41.921 

35. 633 


44.56 

0.9187 

115315 

0. 0144 

1369 

1.052E-5 

42.347 

35. 996 


45.22 

0.9259 

115984 

0. 0140 

1273 

1.099E-5 

42.777 

36. 360 


45.87 

0.9327 

116588 

0. 0139 

1194 

1 . 1 64E-5 

43.217 

36. 734 


46.55 

0. 9398 

117178 

0. 0141 

1171 

1.201E-5 

43.652 

37.104 


47.24 

0. 9468 

117759 

0. 0141 

1163 

1.216E-5 

44.105 

37.490 


47.96 

0. 9539 

118341 

0. 0141 

1138 

1.238E-5 

44.559 

37.875 


48.67 

0.9609 

118897 

0. 0139 

1086 

1.281E-5 

45.025 

38.271 


49.39 

0.9678 

119427 

0. 0142 

1060 

1.343E-5 

45.503 

38. 678 


50.17 

0.9751 

119957 

0. 0144 

1035 

1.388E-5 

45.983 

39. 086 


50.94 

0.9822 

120462 

0. 0140 

985 

1.425E-5 

46.479 

39. 507 


51.71 

0. 9892 

120942 

0. 0137 

930 

1.472E-5 

46.967 

39. 922 


52.47 

0.9959 

121392 

0. 0136 

894 

1.525E-5 

47.467 

40. 347 

■k 

53.27 

1.0028 

121836 

0. 0142 

889 

1.592E-5 

47.979 

40. 782 

k 

54.13 

1.0100 

122281 

0. 0143 

869 

1. 648E-5 

48.501 

41. 226 

k 

54.98 

1.0171 

122705 

0. 0140 

808 

1.737E-5 

49.041 

41. 685 

k 

55.84 

1.0241 

123089 

0. 0139 

759 

1.833E-5 

49.584 

42.147 

k 

56.71 

1.0310 

123464 

0. 0138 

747 

1 . 854E-5 

50.131 

42. 611 

k 
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2800 

57.60 

1.0379 

123836 

0. 0140 

744 

1.879E-5 

50.695 

43.090 * 

2800 

58.53 

1.0450 

124208 

0. 0142 

744 

1. 907E-5 

51.268 

43.578 * 

2800 

59. 49 

1. 0521 

124580 

0.0142 

711 

1. 995E-5 

51.859 

44.080 * 
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2800 

2800 

2800 

2800 

2800 

2800 

2800 


60.4 6 

1.0592 

124919 

0. 0143 

664 

2.159E-5 

52.471 

44. 600 

k 

61.48 

1.0664 

125244 

0. 0141 

633 

2.232E-5 

53.077 

45.115 

k 

62.47 

1.0733 

125552 

0. 0137 

598 

2.296E-5 

53.702 

45. 646 

k 

63.48 

1.0802 

125842 

0. 0139 

566 

2.448E-5 

54.328 

46. 178 

k 

64.54 

1.0872 

126118 

0. 0140 

552 

2.540E-5 

54.968 

46. 723 

k 

65.62 

1.0942 

126394 

0. 0139 

552 

2.518E-5 

55.620 

47.276 

k 

66.71 

1.1011 

126670 

0. 0139 

538 

2.578E-5 

56.292 

47.848 

k 
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Automated Fatigue Crack 
Growth Rate Analysis 


Test ID 

f cg-6 

Geometry 

C (T) 

Contract 

Head 

Orientation 

T-L 

Material 

Steel 

Yield (ksi) 

52.5 

Temperature 

(F) -20 

Modulus (Msi) 

27.3 

Environment 

cold chamber 



Specimen 

Dimensions (in) 



Thickness 

0. 398 

Height 

0.000 

Net Thickness 0.398 

Notch Depth 

0.000 

Width 

2.000 

Gage Length 

0.700 

Precrack 

Parameters 



Pmax ( lbs ) 

4500. 0 

Stress Ratio 

0.10 

Final a (in) 

0. 429 

Kmax (ksi sqr [in] ) 

35.65 


Test Parameters 


EvBP Freq 

18.553 14.32 


Pmax R Ai 

4500 0.70 0.000 


Krnaxi C DKi 

0.00 0.00 0.00 


K Coeff 
.886 
4. 64 
-13. 32 
14. 72 
-5.6 


C Coeff 
1 . 001 
-4.6695 
18.4 6 
-236.82 
1214. 9 
-2143. 6 


Visual Observations 


CAF 
1.000 
1.036 

Comments 

Date of test: 7/16/2013 

Waveform Type Sine 


EvB/P Crack (EvB/P) Crack (visual ) Error 
18.553 0.429 0.429 0.000 
44.231 0.917 0.917 0.000 


Test 

ID fcg- 

6 

Pmax 

EvB/P 

a 

(lb) 


(in) 


18.55 

0.4290 

4500 

18.47 

0.4262 

4500 

18.5 6 

0.4291 

4500 

18.64 

0.4318 

4500 

18.73 

0.4350 

4500 

18.92 

0.4413 

4500 

19.11 

0.4476 

4500 

19.31 

0.4540 

4500 

19.50 

0.4603 

4500 

19.70 

0.4664 

4500 

19.90 

0.4728 

4500 

20.11 

0.4792 

4500 

20.32 

0.4855 

4500 

20.53 

0.4917 

4500 

20.74 

0.4981 

4500 

20.96 

0.5044 


N 

da 

(in) 

dN 

5 

1414 

0. 0001 

8496 

8501 

0. 0056 

12966 

14380 

0. 0059 

11892 

20393 

0. 0094 

17551 

31931 

0. 0127 

22852 

43245 

0. 0127 

22422 

54353 

0. 0126 

21716 

64961 

0. 0124 

20748 

75101 

0. 0125 

20337 

85298 

0. 0127 

20351 

95452 

0. 0127 

19879 

105177 

0. 0126 

19275 

114727 

0. 0126 

18 94 9 

124126 

0. 0127 

18569 

133296 

0. 0127 

18365 
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da/dN 

Kmax 

deltaK 

in/ eye) 

(ksi [in] ^.5) 

1.161E-8 

35.638 

19. 612 

4.320E-7 

35.653 

10. 699 

4. 938E-7 

35.807 

10. 742 

5.369E-7 

36.040 

10. 812 

5.545E-7 

36.286 

10. 886 

5. 677E-7 

36.614 

10. 984 

5.816E-7 

36.943 

11. 083 

6.000E-7 

37.269 

11. 181 

6.141E-7 

37.599 

11. 280 

6.251E-7 

37.929 

11. 379 

6.387E-7 

38.262 

11. 479 

6.514E-7 

38.597 

11. 579 

6. 663E-7 

38.933 

11. 680 

6.833E-7 

39.269 

11. 781 

6.891E-7 

39.609 

11. 883 
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4500 

21.18 

0.5107 

142491 

0. 0127 

18104 

6. 993E-7 

39.949 

11. 985 


4500 

21.40 

0.5171 

151400 

0. 0126 

17532 

7.164E-7 

40.288 

12. 087 


4500 

21.62 

0.5233 

160023 

0. 0126 

17247 

7.278E-7 

40.632 

12. 190 


4500 

21.85 

0.5296 

168647 

0. 0128 

17248 

7.400E-7 

40.977 

12.293 


4500 

22.09 

0.5361 

177271 

0. 0130 

16676 

7.787E-7 

41.330 

12. 399 


4500 

22.33 

0.5426 

185323 

0. 0124 

15526 

7. 999E-7 

41.669 

12.501 


4500 

22.55 

0.5485 

192797 

0. 0121 

15236 

7. 925E-7 

42.022 

12. 607 


4500 

22.79 

0.5547 

200559 

0. 0126 

15523 

8.105E-7 

42.363 

12. 709 


4500 

23.03 

0.5611 

208320 

0. 0126 

15235 

8.254E-7 

42.710 

12.813 


4500 

23.27 

0.5673 

215794 

0. 0124 

14660 

8.442E-7 

43.063 

12. 919 


4500 

23.52 

0.5734 

222980 

0. 0125 

14372 

8.731E-7 

43.418 

13. 025 


4500 

23.77 

0.5798 

230166 

0. 0128 

14373 

8.896E-7 

43.777 

13. 133 


4500 

24.04 

0.5862 

237353 

0. 0124 

13798 

8. 986E-7 

44.130 

13. 239 


4500 

24.28 

0.5922 

243964 

0. 0122 

13223 

9.223E-7 

44.493 

13. 348 


4500 

24.54 

0.5984 

250576 

0. 0126 

13223 

9.521E-7 

44.851 

13. 455 


4500 

24.81 

0.6048 

257187 

0. 0124 

12935 

9. 619E-7 

45.209 

13. 563 


4500 

25.07 

0.6109 

263511 

0. 0125 

12 648 

9.850E-7 

45.584 

13. 675 


4500 

25.35 

0.6173 

269835 

0. 0127 

12361 

1.024E-6 

45.948 

13. 784 


4500 

25.63 

0. 6235 

275872 

0. 0124 

11786 

1.055E-6 

46.321 

13. 896 


4500 

25.90 

0. 62 97 

281621 

0. 0123 

11498 

1.069E-6 

46.692 

14.008 


4500 

26.18 

0.6358 

287370 

0. 0125 

11785 

1.065E-6 

47.071 

14.121 


4500 

26.47 

0. 6422 

293406 

0. 0128 

11785 

1.087E-6 

47.451 

14.235 


4500 

26.77 

0.6486 

299155 

0. 0126 

11095 

1.132E-6 

47.836 

14. 351 


4500 

27.06 

0. 6548 

304501 

0. 0125 

10633 

1.177E-6 

48.228 

14.469 


4500 

27.36 

0.6611 

309788 

0. 0123 

10114 

1.220E-6 

48.607 

14. 582 


4500 

27.66 

0.6671 

314615 

0. 0121 

9654 

1.254E-6 

48.996 

14.699 


4500 

27.95 

0.6732 

319442 

0. 0123 

9654 

1.272E-6 

49.380 

14.814 


4500 

28.26 

0. 6794 

324269 

0. 0124 

9654 

1.287E-6 

49.772 

14. 932 


4500 

28.58 

0. 6857 

329096 

0. 0128 

9654 

1.321E-6 

50.179 

15. 054 


4500 

28.91 

0.6922 

333923 

0. 0128 

9424 

1.361E-6 

50.585 

15. 175 


4500 

29.24 

0.6985 

338520 

0. 0124 

8965 

1.387E-6 

50.997 

15.299 


4500 

29.56 

0.7046 

342888 

0. 0122 

8644 

1.415E-6 

51.405 

15.422 


4500 

29.89 

0.7107 

347164 

0. 0123 

8505 

1.452E-6 

51.815 

15. 545 


4500 

30.23 

0.7170 

351393 

0. 0123 

8275 

1.483E-6 

52.222 

15. 667 


4500 

30.5 6 

0.7230 

355439 

0. 0122 

8091 

1.504E-6 

52.640 

15. 792 

k 

4500 

30.90 

0.7291 

359484 

0. 0123 

8091 

1.524E-6 

53.056 

15. 917 

k 

4500 

31.25 

0.7353 

363530 

0. 0126 

8091 

1.554E-6 

53.487 

16. 046 

k 

4500 

31.61 

0.7417 

367575 

0. 0126 

7907 

1.596E-6 

53.918 

16. 175 

k 

4500 

31.98 

0.7479 

371437 

0. 0124 

7724 

1. 606E-6 

54.359 

16. 308 

k 

4500 

32.34 

0.7541 

375299 

0. 0127 

7723 

1. 641E-6 

54.809 

16. 443 

k 

4500 

32.73 

0.7606 

379160 

0. 0126 

7539 

1. 677E-6 

55.250 

16. 575 

k 

4500 

33.10 

0.7667 

382838 

0. 0122 

7172 

1. 699E-6 

55.703 

16. 711 

k 

4500 

33.4 7 

0.7728 

386332 

0. 0120 

6920 

1.740E-6 

56.147 

16. 844 

k 

4500 

33.8 5 

0.7788 

389758 

0. 0122 

6818 

1. 784E-6 

56.596 

16. 979 

k 

4500 

34.24 

0.7849 

393150 

0. 0124 

6786 

1.832E-6 

57.054 

17.116 

k 

4500 

34.64 

0.7912 

396544 

0. 0127 

6787 

1.869E-6 

57.528 

17. 258 

k 

4500 

35.06 

0.7976 

399937 

0. 0124 

6491 

1. 905E-6 

57.993 

17.398 

k 

4500 

35.4 6 

0.8036 

403035 

0. 0122 

6196 

1. 961E-6 

58.479 

17. 544 

k 

4500 

35.88 

0.8098 

406133 

0. 0124 

6047 

2.057E-6 

58.953 

17. 686 

k 

4500 

36.30 

0.8160 

409082 

0. 0122 

5808 

2.107E-6 

59.434 

17. 830 

k 

4500 

36.72 

0.8220 

411941 

0. 0123 

5801 

2.114E-6 

59.932 

17. 980 

k 

4500 

37.16 

0.8283 

414883 

0. 0125 

5767 

2.172E-6 

60.426 

18. 128 

k 

4500 

37.61 

0.8345 

417708 

0. 0125 

5533 

2.254E-6 

60.934 

18.280 

k 

4500 

38.06 

0.8408 

420416 

0. 0123 

5297 

2.331E-6 

61.446 

18.434 

k 

4500 

38.51 

0.8469 

423005 

0. 0121 

5062 

2.392E-6 

61.954 

18.586 

k 

4500 

38.96 

0.8529 

425478 

0. 0123 

4944 

2.482E-6 

62.481 

18.744 

k 

4500 

39.44 

0.8592 

427949 

0. 0127 

4943 

2.574E-6 

63.010 

18. 903 

k 

4500 

39.94 

0.8656 

430421 

0. 0122 

4709 

2.599E-6 

63.536 

19. 061 

k 

4500 

40.39 

0.8714 

432658 

0. 0118 

4430 

2. 669E-6 

64.080 

19. 224 

k 

4500 

40.87 

0.8774 

434851 

0. 0124 

4460 

2.771E-6 

64.622 

19. 387 

k 

4500 

41.39 

0.8838 

437118 

0. 0124 

4440 

2.799E-6 

65.164 

19. 549 

k 

4500 

41.89 

0.8898 

439291 

0. 0122 

4252 

2.865E-6 

65.733 

19. 720 

k 

4500 

42.40 

0.8959 

441370 

0. 0124 

4156 

2. 978E-6 

66.302 

19. 891 

k 

4500 

42.93 

0.9022 

443447 

0. 0123 

3966 

3.108E-6 

66.873 

20. 062 

k 

4500 

43.46 

0.9083 

445336 

0. 0120 

3650 

3.275E-6 

67.449 

20. 235 

k 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-H-1 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 28.8Msi 

TESTLOGNO. : T05250 
MATERIAL : Head HAZ 
TEST MACHINE : H53 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN1 21 622 Rev. 1 
TEST DATE : 8/1/2013 
CRACK PLANE ORIENTATION : T-L 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2486 in 
WIDTH (W) : 1.5039 in 
NOTCH (An) : 0.3025 in 




Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 2877.10 lb 
MINIMUM LOAD : 431.6 lb 
LOAD RANGE : 2445.5 lb 

STRESS RATIO : 0.15 
FREQUENCY : 5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : ROOM 
HUMIDITY : 26% - 33% 
ANALYSIS METHOD : SECANT 


Pm ax 
lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

2877 

0.0488 

0.3777 

420 

0.0088 

378 

2.3275E-05 

39.322 

0 

2877 

0.0498 

0.3872 

787 

0.0095 

367 

2.6014E-05 

39.984 

0 

2877 

0.0508 

0.3967 

1154 

0.0095 

367 

2.5787E-05 

40.656 

0 

2877 

0.0520 

0.4077 

1521 

0.0110 

367 

3.0028E-05 

41 .400 

0 

2877 

0.0529 

0.4159 

1888 

0.0082 

367 

2.2355E-05 

42.113 

0 

2877 

0.0538 

0.4245 

2123 

0.0085 

235 

3.6334E-05 

42.739 

0 

2877 

0.0548 

0.4332 

2373 

0.0087 

250 

3.4985E-05 

43.378 

0 

2877 

0.0557 

0.4413 

2623 

0.0080 

250 

3.2186E-05 

44.021 

0 

2876 

0.0568 

0.4508 

2858 

0.0095 

235 

4.041 2E-05 

44.685 

0 

2877 

0.0580 

0.4614 

3108 

0.0106 

250 

4.2377E-05 

45.481 

1 

2877 

0.0590 

0.4697 

3358 

0.0083 

250 

3.321 IE-05 

46.212 

1 

2877 

0.0603 

0.4800 

3592 

0.0103 

234 

4.4227E-05 

46.956 

1 

2877 

0.0617 

0.4918 

3842 

0.0117 

250 

4.6962E-05 

47.855 

1 

2877 

0.0632 

0.5042 

4092 

0.0124 

250 

4.9665E-05 

48.857 

1 

2877 

0.0648 

0.5165 

4327 

0.0124 

235 

5.2668E-05 

49.902 

1 

2876 

0.0658 

0.5244 

4459 

0.0079 

132 

5.9544E-05 

50.752 

1 

2877 

0.0676 

0.5389 

4694 

0.0145 

235 

6.1796E-05 

51 .738 

1 

2876 

0.0687 

0.5473 

4826 

0.0083 

132 

6.3145E-05 

52.756 

1 

2877 

0.0698 

0.5553 

4944 

0.0081 

118 

6.8278E-05 

53.517 

1 

2877 

0.0709 

0.5634 

5061 

0.0081 

117 

6.9348E-05 

54.263 

1 

2877 

0.0723 

0.5743 

5194 

0.0109 

133 

8.1863E-05 

55.149 

1 

2877 

0.0735 

0.5830 

5311 

0.0087 

117 

7.451 5E-05 

56.101 

1 

2877 

0.0750 

0.5934 

5428 

0.0103 

117 

8.834E-05 

57.032 

1 

2876 

0.0766 

0.6053 

5561 

0.0119 

133 

8.9296E-05 

58.146 

1 

2877 

0.0784 

0.6176 

5678 

0.0123 

117 

0.00010544 

59.415 

1 

2877 

0.0802 

0.6296 

5795 

0.0120 

117 

0.00010272 

60.719 

1 

2877 

0.0825 

0.6453 

5928 

0.0157 

133 

0.00011817 

62.248 

1 

2876 

0.0847 

0.6595 

6045 

0.0142 

117 

0.00012109 

63.945 

1 

2877 

0.0872 

0.6760 

6162 

0.0166 

117 

0.00014148 

65.788 

1 

2877 

0.0907 

0.6976 

6295 

0.0215 

133 

0.00016175 

68.168 

1 


Invalid Pts Column 

“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 
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0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a>= (4/Pi)(Kmax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 


“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 

under Federal Statute." 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-H-2 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 28.8Msi 

TESTLOGNO. : T05251 
MATERIAL : Head HAZ 
TEST MACHINE : H44 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN121622Rev.l 
TEST DATE : 8/13/2013 
CRACK PLANE ORIENTATION : T-L 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2498 in 
WIDTH (W) : 1.4987 in 
NOTCH (An) : 0.2994 in 



Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 1170.49 lb 
MINIMUM LOAD : 175.6 lb 
LOAD RANGE : 994.9 lb 

STRESS RATIO : 0.15 
FREQUENCY : .5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : Room 
HUMIDITY : 27% - 34% 
ANALYSIS METH. : MODIFIED SECANT 


Pm ax 
lb 

EB(V/P) 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(in A 0.5) 

Invalid Pts 

1171 

20.63 

0.3696 

12723 

0.0150 

13985 

1 .0745E-06 

15.867 

0 

1171 

21.00 

0.3768 

20152 

0.0143 

13913 

1 .0309E-06 

16.087 

0 

1171 

21.37 

0.3839 

26636 

0.0147 

12291 

1.1992E-06 

16.303 

0 

1171 

21.78 

0.3916 

32443 

0.0147 

11887 

1.2357E-06 

16.513 

0 

1171 

22.09 

0.3986 

38523 

0.0141 

11489 

1.2258E-06 

16.729 

0 

1171 

22.47 

0.4057 

43932 

0.0141 

10351 

1.3579E-06 

16.938 

0 

1170 

22.85 

0.4127 

48874 

0.0141 

10277 

1 .3696E-06 

17.148 

0 

1171 

23.23 

0.4197 

54209 

0.0141 

10081 

1 .3979E-06 

17.360 

0 

1170 

23.59 

0.4268 

58955 

0.0145 

9205 

1 .572E-06 

17.582 

0 

1171 

24.00 

0.4342 

63414 

0.0145 

9016 

1 .6077 E-06 

17.800 

0 

1170 

24.44 

0.4413 

67971 

0.0142 

8537 

1 .6607E-06 

18.026 

0 

1171 

24.84 

0.4484 

71951 

0.0141 

7781 

1 .81 48E-06 

18.250 

0 

1170 

25.25 

0.4554 

75752 

0.0142 

7605 

1 .8704 E-06 

18.470 

0 

1171 

25.74 

0.4626 

79556 

0.0143 

7321 

1.9586E-06 

18.700 

0 

1170 

26.19 

0.4697 

83073 

0.0143 

6848 

2.0928E-06 

18.932 

0 

1170 

26.64 

0.4769 

86404 

0.0142 

6748 

2. 1077 E-06 

19.162 

0 

1171 

27.07 

0.4839 

89821 

0.0141 

6361 

2.21 36 E-06 

19.403 

0 

1170 

27.56 

0.4910 

92765 

0.0142 

5893 

2.4143E-06 

19.633 

0 

1171 

28.07 

0.4982 

95714 

0.0144 

5796 

2.4775E-06 

19.880 

0 

1170 

28.52 

0.5054 

98561 

0.0144 

5415 

2.6623 E-06 

20.119 

0 

1171 

29.08 

0.5126 

101129 

0.0146 

5329 

2.7374E-06 

20.381 

0 

1170 

29.58 

0.5200 

103890 

0.0148 

5137 

2. 8907 E-06 

20.634 

0 

1171 

30.11 

0.5274 

106266 

0.0145 

4666 

3. 1096 E-06 

20.895 

0 

1170 

30.63 

0.5345 

108556 

0.0141 

4480 

3.1531 E-06 

21.155 

0 

1171 

31.27 

0.5416 

110746 

0.0150 

4280 

3. 4985 E-06 

21 .437 

0 

1170 

31.79 

0.5494 

112836 

0.0155 

4274 

3.6224E-06 

21 .699 

0 

1170 

32.47 

0.5570 

115020 

0.0150 

4270 

3.5227E-06 

21 .996 

0 

1170 

33.09 

0.5645 

117106 

0.0150 

3793 

3. 9544 E-06 

22.276 

0 

1170 

33.68 

0.5720 

118813 

0.0146 

3419 

4. 2773 E-06 

22.575 

0 

1171 

34.38 

0.5791 

120525 

0.0145 

3519 

4. 1284 E-06 

22.857 

0 

1171 

35.01 

0.5866 

122332 

0.0150 

3334 

4. 4865 E-06 

23.165 

0 

1171 

35.74 

0.5941 

123859 

0.0149 

3044 

4.88 77 E-06 

23.451 

0 


“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 

under Federal Statute.” 
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1170 

36.34 

0.6015 

125376 

0.0148 

2944 

5.012E-06 

23.767 

0 

1170 

37.15 

0.6088 

126803 

0.0145 

2657 

5.4492E-06 

24.070 

0 

1170 

37.84 

0.6159 

128033 

0.0146 

2648 

5.5248E-06 

24.391 

0 

1170 

38.51 

0.6235 

129451 

0.0154 

2845 

5.426E-06 

24.728 

0 

1170 

39.31 

0.6314 

130878 

0.0149 

2568 

5.821 IE-06 

25.038 

0 

1170 

40.12 

0.6384 

132019 

0.0142 

2276 

6.2448E-06 

25.400 

0 

1171 

40.92 

0.6456 

133154 

0.0143 

2173 

6.5666E-06 

25.716 

0 

1170 

41.68 

0.6527 

134192 

0.0147 

2075 

7.0622E-06 

26.067 

0 

1170 

42.67 

0.6602 

135229 

0.0153 

2078 

7.341 E-06 

26.427 

0 

1170 

43.41 

0.6679 

136270 

0.0155 

2085 

7.4107E-06 

26.806 

0 

1170 

44.52 

0.6757 

137314 

0.0149 

1991 

7. 47 46 E-06 

27.179 

0 

1170 

45.25 

0.6828 

138261 

0.0145 

1800 

8.0716E-06 

27.583 

0 

1171 

46.23 

0.6902 

139114 

0.0153 

1708 

8.9305E-06 

27.968 

0 

1171 

47.28 

0.6981 

139969 

0.0160 

1707 

9.371 IE-06 

28.391 

0 

1171 

48.38 

0.7062 

140821 

0.0157 

1610 

9.7447E-06 

28.820 

0 

1171 

49.44 

0.7138 

141579 

0.0147 

1426 

1.03E-05 

29.255 

0 

1171 

50.45 

0.7209 

142247 

0.0146 

1332 

1 .0993E-05 

29.690 

0 

1171 

51.65 

0.7284 

142911 

0.0147 

1331 

1.106E-05 

30.121 

0 

1170 

52.67 

0.7356 

143578 

0.0150 

1332 

1.1238E-05 

30.584 

0 

1170 

53.87 

0.7434 

144243 

0.0152 

1235 

1 .2322E-05 

31 .036 

0 

1171 

55.01 

0.7508 

144813 

0.0145 

1144 

1 .2672E-05 

31.515 

0 

1170 

54.53 

0.7579 

145387 

0.0146 

1219 

1.1942E-05 

31 .999 

0 

1170 

55.83 

0.7654 

146032 

0.0158 

1245 

1 .2708E-05 

32.519 

0 

1170 

57.06 

0.7737 

146632 

0.0153 

1140 

1 .3453E-05 

33.018 

0 

1170 

57.80 

0.7807 

147172 

0.0143 

1110 

1 .2844E-05 

33.573 

1 

1170 

59.58 

0.7879 

147742 

0.0145 

1110 

1 .3028E-05 

34.092 

1 

1170 

60.81 

0.7952 

148282 

0.0149 

1065 

1 .3947E-05 

34.648 

1 

1170 

62.04 

0.8028 

148807 

0.0150 

975 

1 .5358E-05 

35.213 

1 

1170 

63.50 

0.8102 

149257 

0.0146 

900 

1 .6241 E-05 

35.804 

1 

1170 

64.94 

0.8174 

149707 

0.0144 

840 

1.7165E-05 

36.392 

1 

1170 

66.65 

0.8246 

150097 

0.0147 

765 

1.9163E-05 

37.015 

1 

1170 

68.18 

0.8321 

150472 

0.0147 

750 

1 .9655 E-05 

37.632 

1 

1170 

70.04 

0.8393 

150847 

0.0147 

720 

2.0412E-05 

38.298 

1 

1170 

71.60 

0.8468 

151192 

0.0147 

690 

2.1 28 E-05 

38.958 

1 

1170 

73.14 

0.8540 

151537 

0.0163 

720 

2.2594E-05 

39.739 

1 

1170 

75.47 

0.8630 

151912 

0.0162 

705 

2.3023E-05 

40.441 

1 

1171 

77.54 

0.8702 

152242 

0.0153 

646 

2.3731 E-05 

41.312 

1 

1170 

79.22 

0.8784 

152558 

0.0166 

570 

2.9188E-05 

42.128 

1 

1171 

82.50 

0.8869 

152812 

0.0166 

509 

3. 2623 E-05 

43.008 

1 

1170 

83.81 

0.8950 

153067 

0.0155 

555 

2. 7927 E-05 

43.895 

1 

1170 

88.10 

0.9024 

153367 

0.0151 

510 

2. 9677 E-05 

44.810 

1 

1170 

87.80 

0.9101 

153577 

0.0176 

525 

3. 3549 E-05 

45.852 

1 

1170 

95.43 

0.9274 

154237 

0.0178 

510 

3. 4909 E-05 

48.117 

1 

1170 

98.55 

0.9378 

154402 

0.0181 

435 

4.1619E-05 

49.133 

1 

1170 

101.21 

0.9455 

154672 

0.0224 

570 

3.9244E-05 

50.923 

1 

1170 

105.02 

0.9602 

154972 

0.0263 

465 

5.6496E-05 

52.357 

1 

1170 

108.49 

0.9718 

155137 

0.0317 

330 

9.6207E-05 

55.159 

1 

1170 

120.44 

0.9919 

155302 

0.0201 

165 

0.00012211 

56.139 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Kmax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 


“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 

under Federal Statute.” 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-H-3 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 30.0Msi 

TESTLOGNO. : T05252 
MATERIAL : Head HAZ 
TEST MACHINE : H290 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN1 21 622 Rev. 1 
TEST DATE : 8/1/2013 
CRACK PLANE ORIENTATION : T-L 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2494 in 
WIDTH (W) : 1.5026 in 
NOTCH (An) : 0.3012 in 




Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 5364.10 lb 
MINIMUM LOAD : 3754.9 lb 
LOAD RANGE : 1609.2 lb 

STRESS RATIO : 0.70 
FREQUENCY : 5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : ROOM 
HUMIDITY : 26% - 33% 
ANALYSIS METHOD : SECANT 


Pm ax 
lb 

EPD 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(Sqrt.in) 

Invalid Pts 

5364 

0.0664 

0.3552 

103 

0.0016 

81 

1 .9334E-05 

24.951 

1 

5364 

0.0669 

0.3569 

185 

0.0017 

82 

2.0555E-05 

25.012 

1 

5365 

0.0674 

0.3585 

347 

0.0016 

162 

9.7347E-06 

25.089 

1 

5364 

0.0677 

0.3595 

427 

0.0010 

80 

1 .2985E-05 

25.171 

1 

5365 

0.0681 

0.3606 

750 

0.0011 

323 

3.4476E-06 

25.214 

1 

5364 

0.0685 

0.3619 

995 

0.0013 

245 

5.32E-06 

25.266 

1 

5364 

0.0689 

0.3634 

1321 

0.0015 

326 

4.582E-06 

25.318 

1 

5363 

0.0694 

0.3649 

1645 

0.0014 

324 

4.4441 E-06 

25.383 

1 

5364 

0.0698 

0.3662 

1886 

0.0013 

241 

5.4283E-06 

25.447 

1 

5364 

0.0702 

0.3673 

2047 

0.0012 

161 

7.1807E-06 

25.506 

1 

5365 

0.0707 

0.3687 

2451 

0.0014 

404 

3.371 7E-06 

25.574 

1 

5364 

0.0711 

0.3699 

2777 

0.0012 

326 

3. 7258 E-06 

25.652 

1 

5364 

0.0716 

0.3715 

2938 

0.0016 

161 

9.663E-06 

25.699 

1 

5365 

0.0720 

0.3726 

3179 

0.001 1 

241 

4.5485E-06 

25.776 

1 

5363 

0.0726 

0.3744 

3342 

0.0018 

163 

1.11 1 7E-05 

25.802 

1 

5364 

0.0730 

0.3754 

3507 

0.0011 

165 

6.4778E-06 

25.882 

1 

5364 

0.0735 

0.3769 

3669 

0.0014 

162 

8.7899E-06 

25.955 

1 

5364 

0.0740 

0.3783 

3829 

0.0014 

160 

8.81 82 E-06 

26.004 

1 

5364 

0.0744 

0.3794 

3910 

0.001 1 

81 

1 .4098E-05 

26.083 

1 

5364 

0.0755 

0.3823 

4070 

0.0029 

160 

1.8107E-05 

26.161 

1 

5364 

0.0760 

0.3838 

4234 

0.0014 

164 

8. 77 94 E-06 

26.271 

1 

5365 

0.0765 

0.3850 

4314 

0.0012 

80 

1 .5322E-05 

26.363 

1 

5364 

0.0771 

0.3865 

4476 

0.0016 

162 

9.6341 E-06 

26.398 

1 

5364 

0.0775 

0.3877 

4556 

0.0011 

80 

1 .4208E-05 

26.472 

1 

5364 

0.0783 

0.3899 

4719 

0.0022 

163 

1 .352E-05 

26.539 

1 

5364 

0.0791 

0.3919 

4881 

0.0020 

162 

1 .2283E-05 

26.638 

1 

5364 

0.0797 

0.3934 

4962 

0.0015 

81 

1 .8609E-05 

26.738 

1 

5364 

0.0813 

0.3970 

5042 

0.0037 

80 

4.5628E-05 

26.874 

1 

5364 

0.0826 

0.4003 

5122 

0.0032 

80 

4.0377E-05 

27.011 

1 


Invalid Pts Column 
0 - Valid Datapoint 
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1 - The specimen was not predominantly elastic (W-a>= (4/Pi )(Kmax/0. 2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 


“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 

under Federal Statute.” 
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Pr oi ect Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-H-4 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 29.6 Msi 

TESTLOGNO. : T05253 
MATERIAL : Head HAZ 
TEST MACHINE : H239 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN121622Rev.l 
TEST DATE : 8/13/2013 
CRACK PLANE ORIENTATION : T-L 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2488 in 
WIDTH (W) : 1.5049 in 
NOTCH (An) : 0.3034 in 




Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 2165.05 lb 
MINIMUM LOAD : 1515.5 lb 
LOAD RANGE : 649.6 lb 

STRESS RATIO : 0.70 
FREQUENCY : 5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : Room 
HUMIDITY : 27% - 34% 
ANALYSIS METH. : MODIFIED SECANT 


Pmax 

lb 

EB(V/P) 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(in A 0.5) 

Invalid Pts 

2165 

20.33 

0.3641 

22296 

0.0094 

26343 

3.5778E-07 

10.246 

0 

2165 

20.58 

0.3688 

36808 

0.0096 

26213 

3.6609E-07 

10.341 

0 

2165 

20.80 

0.3737 

48509 

0.0100 

23129 

4.3366E-07 

10.429 

0 

2165 

21.04 

0.3789 

59937 

0.0099 

23801 

4.1648E-07 

10.527 

0 

2165 

21.25 

0.3836 

72310 

0.0101 

24805 

4.0778E-07 

10.627 

0 

2165 

21.51 

0.3890 

84742 

0.0102 

23868 

4.2573E-07 

10.718 

0 

2165 

21.79 

0.3938 

96178 

0.0097 

21927 

4.4258E-07 

10.816 

0 

2165 

22.03 

0.3987 

106669 

0.0100 

22390 

4.4839E-07 

10.909 

0 

2165 

22.28 

0.4038 

118568 

0.0101 

22847 

4.424E-07 

11.001 

0 

2165 

22.55 

0.4088 

129516 

0.0101 

21977 

4.6039E-07 

11.098 

0 

2165 

22.84 

0.4140 

140545 

0.0100 

21451 

4.6608E-07 

11.197 

0 

2165 

23.10 

0.4188 

150967 

0.0100 

20424 

4.8787E-07 

11.302 

0 

2165 

23.33 

0.4239 

160969 

0.0099 

20019 

4.9325E-07 

11.401 

0 

2165 

23.62 

0.4287 

170986 

0.0096 

19165 

5.0145E-07 

11.504 

0 

2166 

23.88 

0.4335 

180134 

0.0099 

18159 

5.4486E-07 

11.610 

0 

2166 

24.20 

0.4386 

189145 

0.0098 

17546 

5.5651 E-07 

11.707 

0 

2166 

24.41 

0.4433 

197680 

0.0095 

17404 

5.4588E-07 

11.808 

0 

2165 

24.71 

0.4481 

206549 

0.0095 

17191 

5.51 18E-07 

11.895 

0 

2165 

25.03 

0.4528 

214871 

0.0096 

16523 

5.7876E-07 

11.988 

0 

2165 

25.34 

0.4576 

223072 

0.0102 

16532 

6.1905E-07 

12.087 

0 

2165 

25.62 

0.4630 

231403 

0.0103 

16950 

6. 0734 E-07 

12.192 

0 

2165 

25.95 

0.4679 

240022 

0.0099 

15737 

6. 292 E-07 

12.305 

0 

2166 

26.21 

0.4729 

247140 

0.0097 

14632 

6.6562E-07 

12.415 

0 

2165 

26.55 

0.4777 

254654 

0.0095 

14843 

6.3738E-07 

12.515 

0 

2165 

26.85 

0.4824 

261983 

0.0096 

14125 

6.7954E-07 

12.618 

0 

2165 

27.18 

0.4873 

268779 

0.0097 

13650 

7. 0962 E-07 

12.709 

0 

2165 

27.46 

0.4921 

275633 

0.0097 

13849 

7.0146E-07 

12.819 

0 

2165 

27.82 

0.4970 

282628 

0.0099 

13247 

7.4608E-07 

12.927 

0 

2165 

28.13 

0.5019 

288880 

0.0104 

13121 

7.91 01 E-07 

13.037 

0 

2165 

28.47 

0.5074 

295749 

0.0102 

13861 

7.3825E-07 

13.154 

0 

2165 

28.84 

0.5122 

302741 

0.0096 

12769 

7.5463E-07 

13.261 

0 

2165 

29.19 

0.5170 

308518 

0.0099 

11630 

8.4893E-07 

13.377 

0 
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2165 

29.63 

0.5221 

314371 

0.0102 

11567 

8.7985E-07 

13.491 

0 

2165 

29.94 

0.5272 

320085 

0.0100 

10955 

9.1578E-07 

13.620 

0 

2165 

30.31 

0.5321 

325326 

0.0096 

11033 

8.7364E-07 

13.730 

1 

2165 

30.66 

0.5368 

331118 

0.0098 

11241 

8.7194E-07 

13.848 

1 

2166 

31.05 

0.5419 

336567 

0.0099 

10293 

9.6174E-07 

13.966 

1 

2165 

31.49 

0.5467 

341411 

0.0098 

9822 

1 .0021 E-06 

14.069 

1 

2165 

31.79 

0.5517 

346389 

0.0100 

9885 

1 .0089E-06 

14.196 

1 

2165 

32.25 

0.5567 

351296 

0.0097 

9749 

9.9939E-07 

14.317 

1 

2165 

32.65 

0.5615 

356138 

0.0098 

9215 

1 .0639E-06 

14.428 

1 

2165 

32.98 

0.5665 

360511 

0.0101 

9076 

1.1 131 E-06 

14.563 

1 

2165 

33.54 

0.5716 

365214 

0.0100 

9266 

1 .0763E-06 

14.686 

1 

2165 

33.96 

0.5765 

369777 

0.0099 

8599 

1.1517E-06 

14.808 

1 

2166 

34.33 

0.5815 

373813 

0.0100 

8061 

1 .2439E-06 

14.955 

1 

2165 

34.75 

0.5865 

377838 

0.0098 

7997 

1 .2225E-06 

15.073 

1 

2166 

35.21 

0.5913 

381810 

0.0095 

7605 

1 .2477E-06 

15.211 

1 

2166 

35.63 

0.5960 

385443 

0.0100 

7196 

1.3955E-06 

15.346 

1 

2165 

36.13 

0.6013 

389006 

0.0102 

7461 

1 .365E-06 

15.470 

1 

2165 

36.60 

0.6062 

392904 

0.0097 

7130 

1 .3627E-06 

15.605 

1 

2165 

37.12 

0.6110 

396136 

0.0101 

6529 

1 .5474E-06 

15.749 

1 

2165 

37.59 

0.6163 

399433 

0.0102 

6799 

1 .4988E-06 

15.882 

1 

2166 

38.13 

0.6212 

402935 

0.0098 

6528 

1 .4953 E-06 

16.042 

1 

2165 

38.51 

0.6260 

405961 

0.0096 

5656 

1 .6998 E-06 

16.164 

1 

2166 

39.01 

0.6308 

408591 

0.0099 

5791 

1 .7072E-06 

16.326 

1 

2165 

39.51 

0.6359 

411752 

0.0099 

6051 

1 .6384E-06 

16.449 

1 

2165 

40.12 

0.6407 

414642 

0.0100 

5714 

1 .745E-06 

16.602 

1 

2166 

40.63 

0.6459 

417466 

0.0101 

5374 

1 .8795E-06 

16.766 

1 

2165 

41.17 

0.6508 

420016 

0.0097 

5107 

1 .898E-06 

16.895 

1 

2165 

41.70 

0.6556 

422573 

0.0097 

4906 

1 .9801 E-06 

17.060 

1 

2165 

42.24 

0.6605 

424922 

0.0105 

4773 

2.1898E-06 

17.210 

1 

2165 

42.86 

0.6660 

427346 

0.0103 

4646 

2.2124E-06 

17.360 

1 

2165 

43.46 

0.6708 

429568 

0.0096 

4163 

2.3076E-06 

17.526 

1 

2165 

44.00 

0.6756 

431509 

0.0098 

3890 

2. 5209 E-06 

17.687 

1 

2165 

44.74 

0.6806 

433458 

0.0106 

4043 

2.6254E-06 

17.872 

1 

2165 

45.34 

0.6862 

435552 

0.0104 

3986 

2.61 E-06 

18.037 

1 

2165 

46.07 

0.6910 

437444 

0.0099 

3771 

2.618E-06 

18.221 

1 

2165 

46.61 

0.6961 

439323 

0.0101 

3632 

2.7912E-06 

18.386 

1 

2165 

47.28 

0.7012 

441076 

0.0103 

3235 

3.1761 E-06 

18.568 

1 

2165 

48.00 

0.7064 

442558 

0.0102 

3238 

3.15E-06 

18.743 

1 

2165 

48.65 

0.7114 

444314 

0.0098 

3172 

3.0855E-06 

18.931 

1 

2165 

49.34 

0.7162 

445730 

0.0096 

2958 

3.2463E-06 

19.112 

1 

2165 

50.03 

0.7210 

447272 

0.0099 

2890 

3.41 44 E-06 

19.311 

1 

2165 

50.82 

0.7260 

448620 

0.0099 

2756 

3.6077E-06 

19.477 

1 

2166 

51.45 

0.7309 

450028 

0.0097 

2689 

3. 6008 E-06 

19.700 

1 

2165 

52.16 

0.7357 

451309 

0.0099 

2623 

3.761 E-06 

19.877 

1 

2165 

52.92 

0.7408 

452651 

0.0102 

2622 

3.8796E-06 

20.076 

1 

2165 

53.75 

0.7459 

453931 

0.0099 

2426 

4.0836E-06 

20.276 

1 

2165 

54.51 

0.7507 

455077 

0.0095 

2366 

4.0268E-06 

20.477 

1 

2165 

54.49 

0.7554 

456297 

0.0095 

2555 

3.7076E-06 

20.678 

1 

2165 

55.24 

0.7602 

457632 

0.0095 

2285 

4.1606E-06 

20.885 

1 

2165 

56.06 

0.7649 

458582 

0.0095 

1565 

6.0582E-06 

21 .094 

1 

2164 

56.87 

0.7696 

459197 

0.0095 

1255 

7.5892E-06 

21 .296 

1 

2165 

57.68 

0.7745 

459837 

0.0098 

1347 

7.289E-06 

21.517 

1 

2165 

58.54 

0.7795 

460544 

0.0097 

1119 

8.691 E-06 

21 .736 

1 

2165 

59.36 

0.7842 

460956 

0.0047 

412 

1.1465E-05 

21 .852 

1 


Invalid Pts Column 
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0- Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Km ax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 


“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 

under Federal Statute.’’ 
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Proiect Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-W-1 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 29.2 Msi 

TESTLOGNO. : T05254C 
MATERIAL : Head Weld 
TEST MACHINE : H239 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN121622Rev.l 
TEST DATE: 8/5/2013 
CRACK PLANE ORIENTATION : L-C 

Vessel 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2488 in 
WIDTH (W) : 1.5012 in 
NOTCH (An) : 0.3001 in 



Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 3033.80 lb 
MINIMUM LOAD : 455. 1 lb 
LOAD RANGE : 2578.7 lb 

STRESS RATIO : 0.15 
FREQUENCY: .1 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : Room 
HUMIDITY : 24% - 34% 
ANALYSIS METH. : MODIFIED SECANT 


Pm ax 
lb 

EB(V/P) 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(in A 0.5) 

Invalid Pts 

3033 

20.17 

0.3594 

571 

0.0102 

612 

1.6719E-05 

40.473 

0 

3033 

20.42 

0.3646 

886 

0.0104 

639 

1.6217E-05 

40.856 

0 

3033 

20.66 

0.3698 

1210 

0.0105 

639 

1.6473E-05 

41 .249 

0 

3033 

20.92 

0.3751 

1525 

0.0104 

639 

1.6334E-05 

41 .639 

0 

3033 

21.17 

0.3802 

1849 

0.0102 

612 

1 .6677E-05 

42.030 

1 

3033 

21.40 

0.3853 

2137 

0.0102 

576 

1.7758E-05 

42.420 

1 

3033 

21.66 

0.3904 

2425 

0.0104 

576 

1.7981E-05 

42.812 

1 

3033 

21.91 

0.3957 

2713 

0.0105 

576 

1.8148E-05 

43.209 

1 

3033 

22.18 

0.4009 

3001 

0.0104 

567 

1.8296E-05 

43.609 

1 

3033 

22.46 

0.4060 

3280 

0.0103 

549 

1.871 IE-05 

44.011 

1 

3033 

22.72 

0.4112 

3550 

0.0102 

513 

1.9881E-05 

44.409 

1 

3033 

22.98 

0.4162 

3793 

0.0101 

486 

2.0882E-05 

44.810 

1 

3033 

23.26 

0.4213 

4036 

0.0102 

486 

2.1007E-05 

45.212 

1 

3033 

23.54 

0.4265 

4279 

0.0102 

486 

2.1052E-05 

45.616 

1 

3033 

23.83 

0.4315 

4522 

0.0104 

468 

2.2295E-05 

46.036 

1 

3033 

24.13 

0.4369 

4747 

0.0104 

441 

2.351 E-05 

46.442 

1 

3033 

24.43 

0.4419 

4963 

0.0101 

423 

2. 3927 E-05 

46.866 

1 

3033 

24.72 

0.4470 

5170 

0.0104 

423 

2. 453 E-05 

47.283 

1 

3033 

25.03 

0.4523 

5386 

0.0104 

414 

2.5074E-05 

47.701 

1 

3033 

25.35 

0.4574 

5584 

0.0103 

387 

2.6584E-05 

48.130 

1 

3033 

25.66 

0.4626 

5773 

0.0105 

379 

2. 7667 E-05 

48.560 

1 

3033 

26.00 

0.4679 

5963 

0.0103 

361 

2. 854 E-05 

48.987 

1 

3033 

26.31 

0.4729 

6134 

0.0101 

342 

2.9402E-05 

49.423 

1 

3033 

26.63 

0.4779 

6305 

0.0104 

342 

3.0433E-05 

49.866 

1 

3033 

26.98 

0.4833 

6476 

0.0104 

306 

3.3948E-05 

50.299 

1 

3033 

27.32 

0.4883 

6611 

0.0105 

270 

3.8847E-05 

50.766 

1 

3033 

27.68 

0.4938 

6746 

0.0106 

252 

4.1915E-05 

51 .212 

1 

3033 

28.03 

0.4989 

6863 

0.0101 

225 

4.4987E-05 

51 .668 

1 

3033 

28.37 

0.5039 

6971 

0.0101 

216 

4.6678E-05 

52.123 

1 

3033 

28.73 

0.5090 

7079 

0.0105 

225 

4.6501 E-05 

52.589 

1 

3033 

29.11 

0.5144 

7196 

0.0106 

234 

4.5324E-05 

53.048 

1 

3033 

29.48 

0.5196 

7313 

0.0105 

243 

4.321 IE-05 

53.539 

1 
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3033 

29.88 

0.5249 

7439 

0.0107 

243 

4.401 E-05 

54.024 

1 

3033 

30.28 

0.5303 

7556 

0.0107 

234 

4.5832E-05 

54.516 

1 

3033 

30.69 

0.5356 

7673 

0.0104 

225 

4.6318E-05 

55.012 

1 

3033 

31.08 

0.5407 

7781 

0.0103 

216 

4. 7578 E-05 

55.509 

1 

3033 

31.49 

0.5459 

7889 

0.0103 

207 

4.9615E-05 

55.997 

1 

3033 

31.88 

0.5510 

7988 

0.0104 

198 

5. 2706 E-05 

56.507 

1 

3033 

32.33 

0.5563 

8087 

0.0104 

189 

5.5003E-05 

57.002 

1 

3033 

32.74 

0.5614 

8177 

0.0102 

180 

5.6414E-05 

57.516 

1 

3033 

33.17 

0.5665 

8267 

0.0103 

180 

5.7104E-05 

58.030 

1 

3033 

33.60 

0.5716 

8357 

0.0106 

189 

5. 6052 E-05 

58.556 

12 

3033 

34.09 

0.5771 

8456 

0.0108 

189 

5.71 22 E-05 

59.096 

12 

3033 

34.55 

0.5824 

8546 

0.0105 

180 

5.81 53 E-05 

59.638 

12 

3033 

35.01 

0.5875 

8636 

0.0102 

180 

5.6641 E-05 

60.187 

12 

3033 

35.48 

0.5926 

8726 

0.0102 

162 

6. 2699 E-05 

60.725 

12 

3033 

35.94 

0.5977 

8798 

0.0104 

162 

6. 4277 E-05 

61 .288 

12 

3033 

36.44 

0.6030 

8888 

0.0105 

171 

6.1441 E-05 

61 .838 

12 

3033 

36.94 

0.6082 

8969 

0.0107 

162 

6.5877E-05 

62.440 

12 

3033 

37.48 

0.6137 

9050 

0.0106 

153 

6.9058E-05 

63.002 

12 

3033 

37.98 

0.6187 

9122 

0.0103 

153 

6.7292E-05 

63.610 

12 

3033 

38.51 

0.6240 

9203 

0.0104 

153 

6. 7926 E-05 

64.193 

12 

3033 

39.05 

0.6291 

9275 

0.0105 

135 

7. 7939 E-05 

64.804 

12 

3033 

39.60 

0.6345 

9338 

0.0112 

135 

8.2774E-05 

65.448 

12 

3033 

40.22 

0.6403 

9410 

0.0115 

135 

8.534E-05 

66.111 

12 

3033 

40.85 

0.6460 

9473 

0.0110 

117 

9. 3859 E-05 

66.776 

12 

3033 

41.44 

0.6513 

9527 

0.0111 

117 

9. 4854 E-05 

67.488 

12 

3033 

42.10 

0.6571 

9590 

0.0111 

117 

9. 5258 E-05 

68.147 

12 

3033 

42.69 

0.6624 

9644 

0.0106 

99 

0.00010753 

68.849 

12 

3033 

43.32 

0.6678 

9689 

0.0104 

90 

0.0001154 

69.511 

12 

3033 

43.96 

0.6728 

9734 

0.0101 

81 

0.00012483 

70.191 

12 

3033 

44.59 

0.6779 

9770 

0.0113 

81 

0.00013905 

70.930 

12 

3033 

45.33 

0.6841 

9815 

0.0114 

90 

0.00012689 

71 .624 

12 

3033 

45.99 

0.6893 

9860 

0.0105 

81 

0.00012904 

72.410 

12 

3033 

46.70 

0.6945 

9896 

0.0111 

72 

0.00015415 

73.172 

12 

3033 

47.45 

0.7004 

9932 

0.0113 

72 

0.00015642 

73.930 

12 

3033 

48.20 

0.7058 

9968 

0.0116 

72 

0.00016164 

74.794 

12 

3033 

49.08 

0.7121 

10004 

0.0117 

63 

0.00018589 

75.592 

12 

3033 

49.84 

0.7175 

10031 

0.0117 

54 

0.00021697 

76.521 

12 

3033 

50.75 

0.7238 

10058 

0.0133 

54 

0.0002457 

77.466 

12 

3033 

51.82 

0.7308 

10085 

0.0125 

45 

0.00027736 

78.381 

12 

3033 

52.67 

0.7363 

10103 

0.0116 

36 

0.00032194 

79.408 

12 

3033 

53.61 

0.7424 

10121 

0.0130 

36 

0.00035998 

80.409 

12 

3033 

54.60 

0.7492 

10139 

0.0068 

18 

0.00038012 

80.904 

12 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Kmax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-W-2 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 29.4 Msi 

TESTLOGNO. : T05255 
MATERIAL : Head Weld 
TEST MACHINE : H177 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN121622Rev.l 
TEST DATE: 8/15/2013 
CRACK PLANE ORIENTATION : L-C 

Vessel 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2483 in 
WIDTH (W) : 1.5029 in 
NOTCH (An) : 0.3017 in 




Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 1116.75 lb 
MINIMUM LOAD : 167.5 lb 
LOAD RANGE : 949.3 lb 

STRESS RATIO : 0.15 
FREQUENCY : 5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : Room 
HUMIDITY : 27% - 33% 
ANALYSIS METH. : MODIFIED SECANT 


Pmax 

lb 

EB(V/P) 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(in A 0.5) 

Invalid Pts 

1116 

20.49 

0.3670 

16522 

0.0162 

32784 

4.9301 E-07 

15.124 

0 

1116 

20.89 

0.3751 

33323 

0.0161 

32719 

4.9259E-07 

15.338 

0 

1116 

21.27 

0.3831 

49241 

0.0161 

30442 

5. 2874 E-07 

15.563 

0 

1117 

21.67 

0.3912 

63765 

0.0162 

28210 

5.7265E-07 

15.793 

0 

1116 

22.08 

0.3993 

77451 

0.0161 

26428 

6.0949E-07 

16.011 

0 

1117 

22.50 

0.4073 

90193 

0.0161 

25145 

6.41 21 E-07 

16.253 

0 

1117 

22.92 

0.4154 

102596 

0.0161 

23899 

6.7274E-07 

16.479 

0 

1117 

23.35 

0.4234 

114092 

0.0161 

22334 

7.1951 E-07 

16.714 

0 

1117 

23.80 

0.4315 

124930 

0.0161 

20854 

7. 7388 E-07 

16.955 

0 

1116 

24.26 

0.4395 

134946 

0.0162 

19286 

8.4192E-07 

17.187 

0 

1117 

24.74 

0.4477 

144216 

0.0164 

18332 

8. 9256 E-07 

17.434 

0 

1117 

25.23 

0.4559 

153278 

0.0162 

17564 

9.2503E-07 

17.676 

0 

1116 

25.71 

0.4640 

161780 

0.0163 

16478 

9. 8823 E-07 

17.929 

0 

1117 

26.23 

0.4722 

169756 

0.0163 

15666 

1.0403E-06 

18.177 

0 

1117 

26.73 

0.4803 

177446 

0.0161 

14916 

1 .0784E-06 

18.437 

0 

1117 

27.27 

0.4883 

184672 

0.0161 

14116 

1.1432E-06 

18.689 

0 

1117 

27.82 

0.4964 

191562 

0.0162 

13356 

1.2129E-06 

18.953 

0 

1117 

28.36 

0.5045 

198028 

0.0163 

12389 

1 .31 19E-06 

19.211 

0 

1117 

28.93 

0.5126 

203951 

0.0162 

11451 

1.418E-06 

19.483 

0 

1116 

29.52 

0.5207 

209479 

0.0161 

10642 

1.5165E-06 

19.751 

0 

1117 

30.12 

0.5288 

214593 

0.0161 

9957 

1.6193E-06 

20.028 

0 

1117 

30.73 

0.5368 

219436 

0.0161 

9277 

1 .7372E-06 

20.310 

0 

1116 

31.34 

0.5449 

223870 

0.0161 

8718 

1.8515E-06 

20.586 

0 

1117 

31.99 

0.5530 

228154 

0.0162 

8106 

1.9935E-06 

20.880 

0 

1116 

32.65 

0.5611 

231976 

0.0162 

7498 

2.1569E-06 

21.164 

0 

1117 

33.34 

0.5692 

235652 

0.0161 

7158 

2.248E-06 

21 .462 

0 

1116 

34.02 

0.5772 

239134 

0.0160 

6614 

2.4248E-06 

21 .760 

0 

1116 

34.73 

0.5852 

242266 

0.0161 

6059 

2.6538E-06 

22.067 

0 

1117 

35.45 

0.5932 

245193 

0.0161 

5787 

2.7761 E-06 

22.379 

0 

1116 

36.20 

0.6013 

248053 

0.0160 

5389 

2.9748E-06 

22.692 

0 

1117 

36.97 

0.6093 

250582 

0.0162 

5041 

3.213E-06 

23.028 

0 

1116 

37.77 

0.6175 

253094 

0.0163 

4889 

3.3283E-06 

23.354 

0 
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1117 

38.58 

0.6255 

255471 

0.0163 

4554 

3.576E-06 

23.705 

0 

1117 

39.42 

0.6337 

257648 

0.0162 

4291 

3.7862E-06 

24.049 

0 

1117 

40.28 

0.6418 

259762 

0.0163 

4163 

3.9188E-06 

24.416 

0 

1116 

41.19 

0.6500 

261811 

0.0163 

3893 

4.1875E-06 

24.762 

0 

1117 

42.08 

0.6581 

263655 

0.0163 

3614 

4.5062E-06 

25.151 

0 

1116 

43.05 

0.6663 

265425 

0.0163 

3474 

4.701 E-06 

25.516 

0 

1116 

44.02 

0.6744 

267129 

0.0163 

3347 

4.8601 E-06 

25.911 

0 

1117 

45.02 

0.6826 

268772 

0.0162 

3145 

5.1661 E-06 

26.310 

0 

1116 

46.03 

0.6907 

270274 

0.0161 

2992 

5. 3928 E-06 

26.717 

0 

1117 

47.07 

0.6987 

271764 

0.0162 

2919 

5.563E-06 

27.136 

0 

1117 

48.19 

0.7069 

273193 

0.0163 

2796 

5. 8393 E-06 

27.575 

0 

1116 

49.32 

0.7151 

274560 

0.0164 

2661 

6. 1485 E-06 

28.000 

0 

1117 

50.48 

0.7233 

275854 

0.0163 

2517 

6.469E-06 

28.465 

0 

1116 

51.67 

0.7313 

277077 

0.0163 

2379 

6.8332E-06 

28.915 

0 

1116 

52.93 

0.7395 

278233 

0.0167 

2314 

7. 1955 E-06 

29.401 

0 

1117 

54.25 

0.7480 

279391 

0.0165 

2186 

7. 5539 E-06 

29.887 

0 

1116 

55.52 

0.7560 

280419 

0.0161 

2120 

7. 5787 E-06 

30.396 

0 

1117 

56.86 

0.7641 

281511 

0.0162 

2076 

7.781 8E-06 

30.907 

0 

1116 

58.29 

0.7722 

282495 

0.0162 

1992 

8.1406 E-06 

31 .449 

0 

1117 

59.72 

0.7803 

283503 

0.0162 

1980 

8.1724E-06 

31 .979 

0 

1116 

61.22 

0.7884 

284475 

0.0162 

1836 

8.81 29 E-06 

32.566 

0 

1117 

62.78 

0.7965 

285339 

0.0161 

1704 

9.4735E-06 

33.124 

1 

1116 

64.38 

0.8045 

286179 

0.0162 

1668 

9.71 89 E-06 

33.730 

1 

1117 

66.07 

0.8127 

287007 

0.0162 

1656 

9. 7999 E-06 

34.341 

1 

1116 

67.77 

0.8207 

287835 

0.0161 

1608 

1.0003E-05 

34.970 

1 

1117 

69.54 

0.8288 

288615 

0.0160 

1512 

1.0605E-05 

35.617 

1 

1117 

71.38 

0.8368 

289347 

0.0161 

1452 

1.1 IE-05 

36.287 

1 

1116 

73.32 

0.8449 

290067 

0.0162 

1404 

1.1525E-05 

36.956 

1 

1117 

75.28 

0.8530 

290751 

0.0162 

1332 

1.21 35E-05 

37.697 

1 

1116 

77.39 

0.8610 

291399 

0.0161 

1272 

1 .267E-05 

38.418 

1 

1117 

79.52 

0.8691 

292023 

0.0160 

1224 

1.31 04E-05 

39.205 

1 

1117 

81.73 

0.8771 

292623 

0.0161 

1164 

1 .386E-05 

39.999 

1 

1117 

84.06 

0.8852 

293187 

0.0163 

1092 

1 .4888E-05 

40.817 

1 

1117 

86.53 

0.8933 

293715 

0.0162 

1020 

1 .588E-05 

41.671 

1 

1116 

89.04 

0.9014 

294207 

0.0163 

948 

1 716E-05 

42.546 

1 

1117 

91.72 

0.9096 

294663 

0.0164 

876 

1.8767E-05 

43.477 

1 

1117 

94.51 

0.9178 

295083 

0.0164 

840 

1 .947E-05 

44.418 

1 

1117 

97.43 

0.9260 

295503 

0.0163 

828 

1.9687E-05 

45.440 

1 

1117 

100.45 

0.9341 

295911 

0.0163 

780 

2.093E-05 

46.449 

1 

1117 

103.63 

0.9423 

296283 

0.0164 

708 

2.315E-05 

47.542 

1 

1116 

106.98 

0.9505 

296619 

0.0165 

660 

2.507E-05 

48.643 

1 

1117 

110.54 

0.9588 

296943 

0.0164 

600 

2.7275E-05 

49.815 

1 

1117 

114.15 

0.9669 

297219 

0.0164 

540 

3.0426 E-05 

51 .034 

1 

1117 

118.06 

0.9753 

297483 

0.0168 

504 

3.33E-05 

52.321 

1 

1117 

122.24 

0.9837 

297723 

0.0165 

456 

3.6228E-05 

53.631 

1 

1116 

126.42 

0.9918 

297939 

0.0164 

420 

3. 9027 E-05 

55.020 

1 

1117 

130.96 

1 .0001 

298143 

0.0165 

372 

4.429E-05 

56.456 

1 

1116 

135.66 

1 .0083 

298311 

0.0167 

324 

5. 1426 E-05 

57.970 

1 

1116 

140.81 

1.0167 

298467 

0.0170 

300 

5.6813E-05 

59.578 

1 

1117 

146.28 

1 .0253 

298611 

0.0169 

264 

6.4094 E-05 

61 .267 

1 

1116 

152.01 

1 .0337 

298731 

0.0167 

228 

7.3434 E-05 

63.022 

1 

1117 

158.08 

1 .0420 

298839 

0.0173 

204 

8. 4627 E-05 

64.955 

1 

1116 

164.87 

1 .0509 

298935 

0.0183 

168 

0.00010889 

66.980 

1 

1117 

172.47 

1 .0603 

299007 

0.0187 

132 

0.00014149 

69.240 

1 

1117 

180.07 

1 .0696 

299067 

0.0093 

60 

0.00015435 

70.417 

1 
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invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Km ax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 


“NOTE: The recording of false, fictitious, or fraudulent statements or entries on this document may be punishable as a felony 

under Federal Statute.” 


311 


Westmoreland Mechanical Testing & Research, Inc, 


Page 1 


Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-W-3 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 29.8 Msi 

TESTLOGNO. : T05256 
MATERIAL : Head Weld 
TEST MACHINE : H239 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN1 21 622 Rev. 1 
TEST DATE : 8/9/2013 
CRACK PLANE ORIENTATION : L-C 

Vessel 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2476 in 
WIDTH (W) : 1.5020 in 
NOTCH (An) : 0.3018 in 




Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 2146.45 lb 
MINIMUM LOAD : 1502.5 lb 
LOAD RANGE : 644.0 lb 

STRESS RATIO : 0.70 
FREQUENCY : 5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : Room 
HUMIDITY : 30% - 43% 
ANALYSIS METH. : MODIFIED SECANT 


Pmax 

lb 

EB(V/P) 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(in A 0.5) 

Invalid Pts 

2146 

20.09 

0.3578 

21211 

0.0151 

41571 

3.6373E-07 

10.121 

0 

2146 

20.45 

0.3654 

41632 

0.0151 

40556 

3.7221 E-07 

10.259 

0 

2146 

20.78 

0.3729 

61767 

0.0152 

39877 

3.8194E-07 

10.402 

0 

2147 

21.17 

0.3806 

81509 

0.0152 

38809 

3.9257E-07 

10.549 

0 

2146 

21.52 

0.3882 

100576 

0.0151 

36732 

4.1192E-07 

10.689 

0 

2147 

21.90 

0.3957 

118241 

0.0152 

34714 

4.371 6E-07 

10.838 

0 

2147 

22.30 

0.4033 

135290 

0.0152 

33888 

4.4847E-07 

10.987 

0 

2146 

22.70 

0.4109 

152129 

0.0151 

32601 

4.6297E-07 

11.129 

0 

2147 

23.10 

0.4184 

167891 

0.0150 

30872 

4. 8656 E-07 

11.281 

0 

2146 

23.51 

0.4259 

183001 

0.0151 

29931 

5. 0394 E-07 

11.427 

0 

2146 

23.93 

0.4335 

197822 

0.0151 

28951 

5.2174E-07 

11.577 

0 

2147 

24.38 

0.4410 

211952 

0.0151 

27181 

5. 5394 E-07 

11.735 

0 

2146 

24.80 

0.4486 

225003 

0.0150 

25819 

5.821 IE-07 

11.883 

0 

2147 

25.25 

0.4561 

237771 

0.0152 

25493 

5.9502E-07 

12.048 

0 

2146 

25.73 

0.4637 

250496 

0.0153 

24761 

6. 1739 E-07 

12.199 

0 

2146 

26.18 

0.4714 

262532 

0.0153 

23755 

6.4532E-07 

12.361 

0 

2146 

26.68 

0.4791 

274251 

0.0153 

22745 

6.7174E-07 

12.527 

0 

2146 

27.18 

0.4866 

285277 

0.0152 

21372 

7.1073E-07 

12.690 

0 

2146 

27.68 

0.4943 

295623 

0.0151 

20416 

7.409E-07 

12.857 

0 

2146 

28.20 

0.5018 

305693 

0.0150 

19201 

7. 8269 E-07 

13.022 

0 

2146 

28.70 

0.5093 

314824 

0.0151 

18273 

8.2519E-07 

13.191 

0 

2146 

29.26 

0.5168 

323966 

0.0151 

17810 

8. 4608 E-07 

13.357 

0 

2147 

29.82 

0.5243 

332634 

0.0152 

17196 

8.8309E-07 

13.536 

0 

2146 

30.38 

0.5320 

341162 

0.0152 

16794 

9. 0504 E-07 

13.711 

1 

2147 

30.96 

0.5395 

349428 

0.0151 

15839 

9.51 92 E-07 

13.894 

1 

2146 

31.54 

0.5471 

357001 

0.0151 

14672 

1 .0325E-06 

14.073 

1 

2146 

32.17 

0.5547 

364100 

0.0152 

14136 

1 .0726E-06 

14.255 

1 

2146 

32.78 

0.5623 

371137 

0.0151 

13646 

1.1066E-06 

14.439 

1 

2146 

33.41 

0.5698 

377746 

0.0150 

12963 

1.1598E-06 

14.626 

1 

2147 

34.06 

0.5773 

384100 

0.0151 

12361 

1.2188E-06 

14.824 

1 

2146 

34.73 

0.5849 

390107 

0.0151 

11905 

1 .2683E-06 

15.019 

1 

2147 

35.41 

0.5924 

396005 

0.0152 

11314 

1.3402E-06 

15.227 

1 
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2147 

36.11 

0.6000 

401421 

0.0152 

10569 

1 .4335 E-06 

15.428 

1 

2147 

36.83 

0.6076 

406574 

0.0151 

10015 

1 .5061 E-06 

15.641 

1 

2147 

37.56 

0.6151 

411436 

0.0151 

9675 

1.561E-06 

15.848 

1 

2147 

38.34 

0.6227 

416249 

0.0152 

9350 

1 .6306 E-06 

16.068 

1 

2147 

39.10 

0.6304 

420786 

0.0154 

8873 

1 .738E-06 

16.284 

1 

2147 

39.93 

0.6381 

425122 

0.0152 

8468 

1.7986 E-06 

16.509 

1 

2146 

40.73 

0.6456 

429254 

0.0151 

7992 

1 .89 56 E-06 

16.727 

1 

2146 

41.58 

0.6532 

433114 

0.0152 

7511 

2. 025 E-06 

16.962 

1 

2146 

42.43 

0.6608 

436765 

0.0153 

7171 

2. 1397 E-06 

17.198 

1 

2146 

43.35 

0.6686 

440285 

0.0153 

6898 

2.21 71 E-06 

17.443 

1 

2146 

44.26 

0.6761 

443663 

0.0150 

6286 

2.391 IE-06 

17.702 

1 

2146 

45.19 

0.6836 

446571 

0.0150 

5884 

2.553E-06 

17.945 

1 

2146 

46.13 

0.6911 

449547 

0.0150 

5752 

2.61 21 E-06 

18.215 

1 

2146 

47.12 

0.6986 

452323 

0.0152 

5418 

2.8142E-06 

18.470 

1 

2146 

48.16 

0.7064 

454965 

0.0155 

5154 

3. 0006 E-06 

18.753 

1 

2146 

49.21 

0.7141 

457477 

0.0457 

11811 

3. 86 89 E-06 

19.607 

1 

2146 

54.95 

0.7521 

466776 

0.0455 

11268 

4. 03 55 E-06 

19.915 

1 

2146 

56.20 

0.7596 

468745 

0.0150 

4170 

3. 6086 E-06 

20.855 

1 

2146 

57.47 

0.7671 

470946 

0.0150 

4124 

3. 6485 E-06 

21.194 

1 

2146 

58.79 

0.7746 

472869 

0.0151 

3772 

3. 99 77 E-06 

21.517 

1 

2146 

60.17 

0.7822 

474718 

0.0152 

3691 

4. 1096 E-06 

21.883 

1 

2146 

61.57 

0.7898 

476560 

0.0151 

3535 

4.2747E-06 

22.224 

1 

2146 

63.04 

0.7973 

478253 

0.0150 

3386 

4. 4387 E-06 

22.607 

1 

2146 

64.53 

0.8048 

479946 

0.0151 

3121 

4. 8238 E-06 

22.978 

1 

2146 

66.10 

0.8123 

481374 

0.0152 

2896 

5.2371 E-06 

23.373 

1 

2146 

67.71 

0.8200 

482842 

0.0152 

2788 

5.434E-06 

23.765 

1 

2146 

69.36 

0.8275 

484162 

0.0151 

2756 

5. 4773 E-06 

24.189 

1 

2146 

71.10 

0.8351 

485598 

0.0151 

2650 

5. 7074 E-06 

24.610 

1 

2146 

72.88 

0.8426 

486812 

0.0151 

2313 

6. 5202 E-06 

25.065 

1 

2146 

74.73 

0.8502 

487911 

0.0151 

2169 

6.9526E-06 

25.522 

1 

2146 

76.64 

0.8577 

488981 

0.0152 

2077 

7.302E-06 

25.978 

1 

2146 

78.63 

0.8653 

489988 

0.0152 

1868 

8. 1278 E-06 

26.468 

1 

2146 

80.71 

0.8729 

490849 

0.0152 

1778 

8. 5225 E-06 

26.956 

1 

2146 

82.84 

0.8805 

491766 

0.0151 

1658 

9.1361 E-06 

27.474 

1 

2146 

85.07 

0.8880 

492507 

0.0152 

1324 

1.1476E-05 

28.022 

1 

2146 

87.38 

0.8957 

493090 

0.0151 

1150 

1.3161E-05 

28.550 

1 

2146 

89.73 

0.9032 

493657 

0.0151 

1031 

1 .4692E-05 

29.142 

1 

2146 

92.24 

0.9108 

494121 

0.0076 

464 

1.6472E-05 

29.412 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Km ax/0.2% Yield Strength) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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Project Parameters 

CUSTOMER : SOUTHWEST RESEARCH 
P.O.NO. : F58154BT 
SPECIMEN NUMBER : FCG-H-W-4 
YIELD STRENGTH : 52.5 ksi 
MODULUS : 29.4 Msi 

TESTLOGNO. : T05257 
MATERIAL : Head Weld 
TEST MACHINE : H44 

WMT&R REPORT NO. : 3-67089 
WMT&R QUOTE : QN1 21 622 Rev. 1 
TEST DATE : 8/14/2013 
CRACK PLANE ORIENTATION : L-C 

Vessel 

SPECIMEN MEASUREMENTS: 

SPECIMEN TYPE : C(T) 
THICKNESS (B) : 0.2495 in 
WIDTH (W) : 1.5030 in 
NOTCH (An) : 0.3008 in 



Testing Parameters 

TEST TYPE : CONSTANT AMPLITUDE 
MAXIMUM LOAD : 2171.00 lb 
MINIMUM LOAD : 1519.7 lb 
LOAD RANGE : 651.3 lb 

STRESS RATIO : 0.70 
FREQUENCY : 5 Hz 
WAVEFORM : SINE 
SPECIMEN TYPE : C(T) 

ENVIRONMENT : LAB AIR 
TEMPERATURE : Room 
HUMIDITY : 27% - 33% 
ANALYSIS METH. : MODIFIED SECANT 


Pmax 

lb 

EB(V/P) 

a 

in 

N 

da 

in 

dN 

da/dN 

in/cycle 

AK 

ksi(in A 0.5) 

Invalid Pts 

2171 

19.37 

0.3412 

21422 

0.0117 

41520 

2.8256E-07 

9.835 

0 

2171 

19.62 

0.3471 

41901 

0.0114 

40043 

2.8496E-07 

9.946 

0 

2171 

19.85 

0.3527 

61465 

0.0112 

36370 

3.0784 E-07 

10.048 

0 

2171 

20.09 

0.3583 

78271 

0.0112 

33720 

3.3193E-07 

10.154 

0 

2171 

20.35 

0.3638 

95185 

0.0111 

32078 

3.451 E-07 

10.257 

0 

2171 

20.62 

0.3694 

110349 

0.0111 

31376 

3. 55 26 E-07 

10.371 

0 

2171 

20.87 

0.3750 

126561 

0.0111 

31434 

3. 5333 E-07 

10.466 

0 

2171 

21.15 

0.3805 

141783 

0.0111 

28979 

3. 8266 E-07 

10.582 

0 

2171 

21.43 

0.3861 

155540 

0.0111 

28238 

3.9482E-07 

10.678 

0 

2171 

21.70 

0.3917 

170021 

0.0111 

28793 

3.8475E-07 

10.794 

0 

2171 

21.97 

0.3972 

184333 

0.0111 

26998 

4.1041 E-07 

10.895 

0 

2171 

22.26 

0.4027 

197019 

0.0112 

25329 

4. 4066 E-07 

11.014 

0 

2171 

22.55 

0.4083 

209662 

0.0111 

25390 

4. 3706 E-07 

11.110 

0 

2171 

22.83 

0.4138 

222409 

0.0111 

25084 

4.4176E-07 

11.229 

0 

2171 

23.15 

0.4194 

234746 

0.0111 

23491 

4.7299 E-07 

11.332 

0 

2171 

23.44 

0.4249 

245900 

0.0111 

22087 

5. 0066 E-07 

11.440 

0 

2171 

23.75 

0.4305 

256833 

0.0111 

22854 

4.8585 E-07 

11.553 

0 

2170 

24.07 

0.4360 

268754 

0.0112 

22358 

5. 0039 E-07 

11.659 

0 

2171 

24.37 

0.4417 

279191 

0.0112 

20876 

5.3784E-07 

11.781 

0 

2171 

24.69 

0.4473 

289630 

0.0112 

19893 

5.61 19E-07 

11.897 

0 

2171 

25.05 

0.4528 

299084 

0.0111 

19598 

5.6403E-07 

12.016 

0 

2171 

25.36 

0.4583 

309228 

0.0110 

19117 

5.7651 E-07 

12.128 

0 

2171 

25.71 

0.4638 

318201 

0.0111 

18342 

6. 0265 E-07 

12.242 

0 

2171 

26.01 

0.4694 

327570 

0.0111 

17958 

6. 2086 E-07 

12.354 

0 

2171 

26.41 

0.4750 

336159 

0.0111 

16867 

6.598E-07 

12.469 

0 

2171 

26.76 

0.4805 

344437 

0.0112 

16658 

6.707E-07 

12.601 

0 

2171 

27.12 

0.4862 

352817 

0.0112 

16567 

6. 77 26 E-07 

12.710 

0 

2171 

27.49 

0.4917 

361004 

0.0111 

16387 

6.7686 E-07 

12.843 

0 

2171 

27.85 

0.4972 

369204 

0.0111 

16004 

6.92E-07 

12.958 

0 

2171 

28.28 

0.5028 

377008 

0.0114 

15403 

7.3746E-07 

13.084 

0 

2171 

28.65 

0.5086 

384607 

0.0114 

14902 

7.6252E-07 

13.204 

0 

2171 

29.05 

0.5142 

391910 

0.0111 

14411 

7.6877E-07 

13.333 

0 
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2171 

29.43 

0.5197 

399018 

0.0111 

13950 

7.989E-07 

13.459 

0 

2171 

29.87 

0.5253 

405860 

0.0111 

13367 

8.3352E-07 

13.588 

0 

2171 

30.27 

0.5308 

412385 

0.0111 

13152 

8.4127E-07 

13.718 

1 

2171 

30.70 

0.5364 

419012 

0.0112 

12939 

8.633E-07 

13.846 

1 

2170 

31.12 

0.5420 

425324 

0.0113 

12652 

8.9106E-07 

13.981 

1 

2171 

31.56 

0.5476 

431664 

0.0112 

13247 

8.4526E-07 

14.116 

1 

2170 

32.01 

0.5532 

438571 

0.0112 

12722 

8.8142E-07 

14.252 

1 

2171 

32.49 

0.5589 

444386 

0.0112 

12822 

8.7237E-07 

14.394 

1 

2171 

32.93 

0.5644 

451393 

0.0111 

13733 

8.0925E-07 

14.528 

1 

2171 

33.46 

0.5700 

4581 19 

0.0112 

12256 

9.123E-07 

14.671 

1 

2171 

33.89 

0.5756 

463649 

0.0112 

10662 

1 .0461 E-06 

14.813 

1 

2171 

34.36 

0.5811 

468781 

0.0112 

9477 

1.1858E-06 

14.959 

1 

2171 

34.84 

0.5868 

473126 

0.0114 

8804 

1 .2893 E-06 

15.108 

1 

2171 

35.35 

0.5925 

477585 

0.0113 

8523 

1 .3228 E-06 

15.258 

1 

2170 

35.89 

0.5981 

481649 

0.0115 

8329 

1 .3756 E-06 

15.411 

1 

2171 

36.44 

0.6039 

485914 

0.0116 

7832 

1 .4844 E-06 

15.572 

1 

2170 

37.04 

0.6097 

489481 

0.0113 

7328 

1.544 E-06 

15.723 

1 

2171 

37.58 

0.6153 

493242 

0.0112 

7327 

1 .5331 E-06 

15.895 

1 

2171 

38.10 

0.6209 

496808 

0.0116 

6834 

1 .6929 E-06 

16.050 

1 

2171 

38.65 

0.6268 

500076 

0.0120 

6337 

1 .8935 E-06 

16.225 

1 

2171 

39.37 

0.6329 

503145 

0.0118 

6127 

1 .9292E-06 

16.395 

1 

2171 

39.93 

0.6386 

506203 

0.0113 

5932 

1 .901 E-06 

16.568 

1 

2171 

40.52 

0.6442 

509077 

0.0113 

6146 

1 .8338 E-06 

16.736 

1 

2171 

41.06 

0.6499 

512349 

0.0114 

6146 

1 .8565 E-06 

16.916 

1 

2171 

41.89 

0.6556 

515223 

0.0116 

5255 

2.2071 E-06 

17.089 

1 

2171 

42.54 

0.6615 

517604 

0.0121 

4568 

2. 6569 E-06 

17.280 

1 

2171 

43.17 

0.6678 

519791 

0.0122 

4964 

2.45E-06 

17.475 

1 

2171 

43.93 

0.6737 

522568 

0.0117 

5062 

2. 30 54 E-06 

17.664 

1 

2171 

44.64 

0.6794 

524853 

0.0114 

4360 

2.613E-06 

17.861 

1 

2171 

45.30 

0.6851 

526928 

0.0112 

4052 

2.7578E-06 

18.047 

1 

2171 

46.02 

0.6906 

528905 

0.0113 

3952 

2.8533E-06 

18.242 

1 

2171 

46.78 

0.6963 

530880 

0.0115 

3858 

2. 96 94 E-06 

18.434 

1 

2171 

47.57 

0.7021 

532763 

0.0119 

3760 

3.1697E-06 

18.659 

1 

2171 

48.31 

0.7083 

534640 

0.0118 

3561 

3. 30 54 E-06 

18.856 

1 

2171 

49.07 

0.7138 

536324 

0.0116 

3465 

3.3571 E-06 

19.104 

1 

2171 

50.01 

0.7199 

538105 

0.0120 

3366 

3.5615E-06 

19.301 

1 

2171 

50.92 

0.7258 

539690 

0.0117 

2969 

3.9267E-06 

19.549 

1 

2171 

51.71 

0.7316 

541074 

0.0113 

2468 

4. 5766 E-06 

19.745 

1 

2171 

52.55 

0.7371 

542158 

0.0113 

2275 

4.983E-06 

19.991 

1 

2171 

53.39 

0.7429 

543349 

0.0114 

2279 

5.01 65 E-06 

20.201 

1 

2171 

54.33 

0.7485 

544437 

0.0117 

2083 

5.603E-06 

20.451 

1 

2171 

54.95 

0.7546 

545432 

0.0124 

2465 

5. 0206 E-06 

20.707 

1 

2171 

55.73 

0.7609 

546902 

0.0122 

2955 

4.1137E-06 

20.955 

1 

2171 

56.60 

0.7667 

548387 

0.0117 

3120 

3.7544E-06 

21 .237 

1 

2171 

57.83 

0.7726 

550022 

0.0116 

2895 

3.9914E-06 

21 .478 

1 

2171 

58.34 

0.7783 

551282 

0.0118 

2535 

4.6407E-06 

21.760 

1 

2171 

59.57 

0.7844 

552557 

0.0117 

2295 

5. 0886 E-06 

22.021 

1 

2171 

60.63 

0.7899 

553577 

0.0111 

1875 

5. 9405 E-06 

22.298 

1 

2171 

61.80 

0.7955 

554432 

0.0056 

855 

6.5352E-06 

22.436 

1 


Invalid Pts Column 

0 - Valid Datapoint 

1 - The specimen was not predominantly elastic (W-a >= (4/Pi)(Kmax/0.2% Yield Strength ) A 2) 

2 - The crack deviated > 20 degrees from the plane of symmetry 

3 - The difference between the front and back crack lengths > 0.25B 
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